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ABSTRACT 

Coal  beds  that  are  locally  important  aquifers  for  southeastern 
Montana's  agricultural  economy  are  being  removed  as  mining  development 
occurs.  Overburden  rock  materials  (spoils)  replace  the  coal  beds  as 
aquifers.  As  mine  pits  are  backfilled,  ground  waters  readily  reenter 
the  spoils. 

Hydraulic-conductivity  values  for  saturated  spoils  were  found  to  be 
lognormally  distributed.  Lognormal  mean  values  range  from  0.06  m/day  at 
Decker  to  0.11  m/day  at  Colstrip.  Sixty-six  tests  conducted  in  undis- 
turbed coal-bed  aquifers  throughout  the  region  yielded  a  lognormal  mean 
value  of  0.29  m/day.  Storage-coefficient  values  for  spoils  were  low 
(0.00001  to  0.00003),  indicating  that  the  flow  systems  in  mine  spoils 
are  probably  confined  within  rubble-strewn  mine  floors  overlain  by 
finer-grained  materials. 

The  chemistry  of  spoils  waters  is  diverse,  reflecting  the  lithologic 
and  geochemical  variability  of  overburden  materials.  At  Decker,  predomi- 
nant ions  in  spoils  waters  are  sodium  and  bicarbonate;  at  Colstrip,  they 
are  magnesium,  calcium,  and  sulfate.  Statistically,  spoils  waters  in 
both  areas  are  more  highly  mineralized  than  nearby  stock  and  domestic 
waters. 

Column  leaching  experiments  conducted  with  spoils  produced  leachates 
that  were  chemically  similar  to  waters  found  in  the  field.  First  pore 
volumes  of  the  leachate  were  also  chemically  similar  to  saturated-paste 
extracts. 

The  relationships  between  saturated-paste-extracts  quality  and 
spoils-water  quality  were  utilized  to  develop  generalized  nomographs 
for  predicting  spoils-water  cation  concentrations  from  pre-mining  paste- 
extract  chemistry.  Similar  attempts  toward  predictive  nomographs  util- 
izing specific  conductance  were  unsuccessful. 

INTRODUCTION 
An  increasing  scale  of  development  of  Fort  Union  coal  has  caused 
concern  for  all  factors  of  southeastern  Montana's  environment.  Concerns 
for  water  resources  have  been  particularly  great  because  of  the  extreme 
water  dependency  of  the  coal  region's  agricultural  community.  Since 
%^  1971,  the  Montana  Bureau  of  Mines  and  Geology  at  the  Montana  College  of 
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Mineral  Science  and  Technology  has  been  conducting  research  at  several 
mine  sites  in  the  region  to  determine  hydrologic  conditions  before  and 
during  mining  and  to  predict  conditions  after  mining  operations  are 
completed. 

Research  described  in  this  report  was  funded  principally  by  grants 
from  the  Old  West  Regional  Commission  and  the  U.S.  Environmental 

4 

Protection  Agency.  Funds  from  the  Old  West  Regional  Commission  were 
provided  under  OWRC  Grant  No.  10570165,  entitled,  "Hydrologic  Character- 
istics of  Mine  Spoils."  Funds  from  the  U.S.  Environmental  Protection 
Agency  were  provided  under  Grant  No.  R-803727-03-1,  entitled  "Cooperative 
Program  to  Evaluate  Surface  and  Ground  Water  Problems  Associated  with 
Potential  Strip  Mine  Sites."  That  grant  also  supported  mining-related 
hydrologic  research  at  other  colleges  and  universities  in  Montana,  North 
Dakota,  and  Wyoming,  in  addition  to  the  work  described  herein.  Funds  Q^ 

from  these  two  grants  enabled  most  of  the  research  described  in  this 
report  as  well  as  the  incorporation  of  many  data  that  had  been  collected 
under  other  projects  supported  by  diverse  funding  sources.  This  report 
therefore  includes  data  and  interpretations  from  all  surface-mining- 
related  hydrologic  research  that  has  been  conducted  by  the  Montana 
Bureau  of  Mines  and  Geology,  Montana  College  of  Mineral  Science  and 
Technology. 

The  coal  region  of  Montana  lies  within  the  high  plains  province, 
and  includes  both  gently  rolling  and  very  rugged  terrain.  Land-surface 
altitudes  range  from  about  800  meters  above  sea  level  to  about  1,500 
meters  above  sea  level.  Local  relief  along  watercourses  is  commonly 
100  meters  or  more.  Stream  valleys  tend  to  be  long  and  narrow,  in  many 
places  flanked  by  escarpments;  tributary  drainages  are  characteristically 
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steep-sided  gulches,  locally  known  as  coulees.  Southeastern  Montana's 
climate  is  typical  of  the  Northern  Great  Plains.  Cold  winters  and  hot 
sunmers  are  common;  average  temperature  in  January  is  about  -5°C,  and  in 
July  is  about  22°C.  Annual  precipitation  varies  areally  from  about  300 
millimeters  to  about  400  millimeters,  of  which  about  60  percent  falls 
during  the  growing  season  (May  through  September). 

The  region  occupies  the  northern  end  of  the  Powder  River  structural 
basin.  Most  of  the  land  surface  is  formed  on  the  Fort  Union  Formation 
(Paleocene  in  age),  a  series  of  freshwater  sandstone,  siltstone,  clay- 
stone,  and  coal  beds.  Within  the  uppermost  unit  of  the  Fort  Union  For- 
mation (the  Tongue  River  Member),  26  coal  beds  have  been  identified  and 
analyzed  (Matson  and  Blumer,  1973)  that  have  thicknesses  between  1  meter 
and  25  meters.  Coals  in  Montana's  portion  of  the  Fort  Union  Region 
(Fig.  1)  are  lignite  with  heating  values  less  than  4,600  kcal/kg  (kilo- 
calories  per  kilogram),  and  subbituminous  with  heating  values  between 
4,600  kcal/kg  and  5,500  kcal/kg;  thus  far,  the  subbituminous  beds  have 
been  the  objects  of  the  most  active  development.  Thickness,  areal  per- 
sistence, low-sulfur  content  (generally  less  than  1  percent),  and  shallow 
depths  combine  to  make  the  subbituminous  reserves  economically  attractive. 
Matson  and  Blumer  (1974)  estimated  that  strippable  subbituminous  reserves 
are  at  least  13.3  billion  tonnes,  and  underlie  an  area  of  approximately 
123,000  hectares.  Their  figures  do  not  include  the  yet-unpublished 
reserves  under  the  Northern  Cheyenne  and  Crow  Indian  Reservations. 

i 

Coal  has  been  mined  in  the  Region  by  individuals  and  small  concerns 
for  many  years.  Most  of  these  operations  have  been  underground,  and 
have  had  little  noticeable  effect  on  the  land.  One  exception  is  the 
ly      Rosebud  mine  at  Col  strip,  strip-operated  for  the  Northern  Pacific 
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Railway  Company  between  1924  and  1958.  Larger  scale  surface  mining  has 
since  come  to  the  subbituminous  fields  (Fig.  1):  Western  Energy  Company 
reopened  the  Rosebud  mine  in  1968;  Peabody  Coal  Company  opened  the  Big 
Sky  mine  near  Col  strip  in  1969;  Decker  Coal  Company  opened  the  Decker 
mine  near  the  Montana-Wyoming  border  in  1972;  and  Westmoreland  Resources 
opened  the  Absaloka  mine  near  Sarpy  Creek  in  1974.  All  of  these  operators 
have  additional  areas  planned  for*  future  expansion,  and  many  others  are 
maneuvering  for  reserves.  The  central  part  of  the  Region  in  Montana  is 
currently  undeveloped,  but  most  coal  not  controlled  by  the  Federal 
Government  has  been  leased.  The  probability  of  widespread  development 
grows  as  America  searches  for  more  energy  sources  within  our  borders. 

Energy  is  not  the  only  resource  that  southeastern  Montana  coal  can 
provide.  The  coal  beds,  because  of  their  generally  fractured  character- 
istics and  large  areal  continuities,  are  commonly  the  most  accessible  and 
widely  used  aquifers  of  the  region.  In  this  semi -arid  climate,  many 
inhabitants  are  almost  totally  dependent  upon  ground  water  for  stock  and 
domestic  supplies  and  in  many  places  they  obtain  it  from  coal  beds  that 
will  be  removed  by  mining.  Concerns  logically  arise  over  the  possible 
impacts  of  mining  upon  water  supplies  that  are  vital  for  agriculture. 

Data -Point  Numbering  System 
The  system  of  numbering  data  points  in  this  report  is  based  on  the 
U.S.  Bureau  of  Land  Management  system  of  subdivision  of  the  public  lands. 
The  research  sites  lie  within  the  Montana  Principal  Meridian  system; 
data-point  numbers  are  ascribed  that  identify  specific  locations  within 
the  system.  The  first  segment  of  a  data-point  number  indicates  the 
township  north  or  south  of  the  baseline;  the  second,  the  range  east  of 
^      the  principal  meridian;  and  the  third,  the  section  in  which  the  data 
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point  1s  located  (Fig.  2).  The  letters  A,  B,  C,  and  D,  following  the 
section  number,  locate  the  point  within  the  section.  The  first  letter 
denotes  the  160-acre  tract;  the  second,  the  40-acre  tract;  the  third, 
the  10-acre  tract;  and  the  fourth,  the  2Vacre  tract.  The  letters  are 
assigned  in  a  counterclockwise  direction,  beginning  in  the  northeast 
quadrant.  If  two  or  more  data  points  are  located  within  the  same  2k- 
acre  tract,  numbers  are  added  as  suffixes.  It  is  important  to  note  that 
the  order  of  quarter-tract  designations  is  exactly  reversed  from  that 
conmonly  used  by  surveyors;  here  the  order  begins  with  the  largest 
quarter  and  progresses  to  the  smallest.  Thus,  in  Figure  2,  the  desig- 
nation 2  N.,  38  E.,  13  ABCD  identifies  the  first  data  point  in  the  SE% 
SW%  NW%  NE5s  sec.  13,  T.  2N.,  R.38E. 

In  addition  to  the  system  described  above,  several  prefixes  such 
as  "S",  "EPA",  "BS",  and  "WR"  are  ascribed  to  research  wells  shown  in 
figures  and  tables  of  the  report.  The  prefixes  were  not  assigned  by 
any  uniform  system,  but  evolved  over  several  years  of  research.  They 
are  used  in  the  report  because  they  serve  as  brief  identifiers  of  many 
wells  of  particular  interest. 

Ground-Water  Terminology 
The  uppermost  surface  below  which  geologic  materials  are  saturated 
under  hydrostatic  pressure  is  termed  the  "water  table."  Water  is  stored 
within  spaces  between  grains  or  in  fractures  in  the  geologic  material; 
the  ratio  of  volume  of  pore  space  to  total  volume  of  material,  expressed 
as  a  percentage,  is  known  as  "porosity."  All  geologic  materials  are 
porous  to  some  degree.  Their  ability  to  transmit  water  under  field  con- 
ditions is  termed  "hydraulic  conductivity"  and  depends  upon  the  size  of 
the  pore  spaces  and  the  degree  of  their  interconnection.  Hydraulic 
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conductivity,  as  used  in  this  report,  is  defined  as  the  flow  of  water  in 
cubic  meters  per  day  through  a  cross-sectional  area  of  geologic  material        ^ 
1  meter  thick  and  1  meter  wide  under  a  hydraulic  gradient  of  1  meter  per 
meter.  "Transmissivity"  is  also  used  to  indicate  the  ability  of  an 
aquifer  to  transmit  water,  and  is  equivalent  to  the  hydraulic  conduc- 
tivity multiplied  by  the  aquifer  thickness  in  meters.  Transmissivity  is 
defined  as  the  flow  of  water  in  cubic  meters  per  day  through  a  section  ^ 

of  aquifer  1  meter  wide  under  a  hydraulic  gradient  of  1  meter  per  meter. 
The  volume  of  water  that  an  aquifer  can  release  from  or  take  into  storage 
per  unit  surface  area  of  the  aquifer  per  unit  change  in  head  is  known  as 
"storage  coefficient."  Storage  coefficient  and  transmissivity  are  the 
main  characteristics  that  determine  the  worth  of  an  aquifer  as  a  source 
of  water.  Another  term,  "specific  capacity,"  defined  as  the  ratio  of  the 
rate  of  well  discharge  to  the  drawdown  of  water  level,  is  used  to  describe 
well  performance.  Under  certain  assumptions  the  specific  capacity  of  a 
well  can  be  theoretically  related  to  the  transmissivity  of  the  producing 
aquifer. 

Mine-Area  Research  Sites 
Absaloka  Mine 

The  Absaloka  mine  {formerly  Sarpy  Creek  Mine)  was  opened  by  West- 
moreland Resources  in  1974  and  has  since  disturbed  about  120  hectares 
of  land  (Fig.  3).  Two  coal  beds,  the  Rosebud-McKay  and  Robinson  seams, 
are  being  mined.  A  pre-mining  hydrologic  study  of  the  area  was  conducted 
in  1972  and  1973  by  the  Montana  Bureau  of  Mines  and  Geology,  and  the 
results  were  described  in  an  open-file  report  by  Van  Voast  and  Hedges 
(1974).  During  the  study  an  observation-well  system  was  established 
that  has  since  been  used  for  monitoring  ground-water  conditions 
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Figure  3. -The  Absaloka  mine  in  T.  IN.,  R.  37E.,  southeastern  Montana. 
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(APPENDIX  A),  first  by  the  Montana  Bureau  of  Mines  and  Geology,  and 
liter  by  Westmoreland  Resources. 

Ground  water  in  the  coal  beds  and  overburden  flows  northwestward 
to  the  mine  area  (Fig.  3)  from  recharge  areas  in  uplands  southeast  of 
there.  Transmissivities  of  the  aquifers  were  found  to  be  very  low,  and 
the  rates  of  ground-water  flow  are  probably  also  yery   low.  The  coal 
beds  here  are  not  highly  productive  aquifers,  but  the  small  amounts  of 
water  in  the  coal  and  overburden  are  of  the  most  desirable  quality  of 
ground  waters  in  the  area.  Dissolved-solids  concentrations  in  the  coal- 
bed  and  overburden  waters  range  from  100  mg/1  to  3,000  mg/1 ;  some  waters 
in  other  aquifers  contain  as  much  as  5,000  mg/1,  dissolved  solids. 

The  mine  has  not  yet  disturbed  wery  much  land  surface,  and  only  a 
small  area  of  spoils  has  thus  far  been  topsoiled  and  seeded  at  final 
contour.  Two  observation  wells  have  been  installed  in  the  reclamation 
area,  and  provide  some  data  for  this  report. 

Rosebud  Mine 

The  Rosebud  mine  (Figs.  4  and  5)  has  been  operated  since  1924  except 
for  a  10  year  halt  between  1958  and  1968.  The  Rosebud  coal  bed  has  been 
the  object  of  mining  that  has  disturbed  about  800  hectares.  Hydrologic 
research  has  been  conducted  there  by  the  Montana  Bureau  of  Mines  and 
Geology  since  1973.  Results  of  that  work  have  been  compiled  in  a  bul- 
letin by  Van  Voast,  Hedges,  and  McDermott  (1977). 

Ground  water  in  the  Rosebud  coal  bed  flows  eastward  toward  and 
through  the  mined  area.  The  coal  bed  provides  generally  adequate  water 
supplies  to  stock  and  domestic  wells  and  is  most  heavily  utilized  where 
it  lies  within  about  60  meters  below  land  surface.  Logically,  these 
areas  nearly  coincide  with  areas  where  the  coal  bed  is  economically 


^ 


■11- 


#"■■ 

9^^ 


^^ 


EXPLANATION 

O       Observation  well,  mine  spoils. 
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Figure  4. -Northern  half  of  the  Rosebud  mine 
in  T.  IN.,  R.  41E.,  southeastern  Montana. 
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EXPLANATION 


Figure  5. -Southern  half  of  the  Rosebud  mine  in 
T.  IN.,  R.  41  and  42E.,  southeastern  Montana. 
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mineable. 

Chemical  quality  of  waters  in  the  Rosebud  coal  and  in  other  shallow 
aquifers  is  diverse.  Dissolved-solids  concentrations  have  been  found 
between  400  mg/l  and  6,000  mg/1 ,  and  the  median  concentration  of  73 
analyses  was  1,700  mg/1.  The  waters  contain  variable  proportions  of 
magnesium,  calcium,  and  sodium;  most  contain  high  concentrations  of 
sulfate. 

During  5  years  of  monitoring  water  levels  near  active  Rosebud 
mining  operations,  no  mining-related  changes  in  water  levels  have  been 
detected  in  the  aquifers  being  disturbed  (APPENDIX  A).  Inflow  to 
active  pits  has  only  occasionally  been  of  great  enough  volume  to  warrant 
pumping  from  the  Rosebud  mine.  As  pits  in  the  mine  have  been  backfilled, 
a  saturated  zone  of  variable  but  mostly  less  than  1-meter  thickness  has 
developed  in  the  mine  spoils.  Near  an  experimental  impoundment,  the 
saturated  zone  is  more  than  5  meters  thick.  Water  in  the  spoils  enters 
laterally  from  unmined  aquifers,  and  vertically  from  rainfall  and  snow- 
melt,  particularly  beneath  areas  of  poor  surface  drainage. 

Big  Sky  Mine 

The  Big  Sky  mine  (Fig.  6)  was  opened,  in  1969,  and  has  since  dis- 
turbed approximately  350  hectares  of  land.  Hydrologic  research  of  the 
area  has  been  described  in  the  Montana  Bureau  of  Mines  and  Geology 
Bulletin  102  by  Van  Voast,  Hedges,  and  McDermott  (1977).  The  Rosebud 
and  McKay  coal  beds  are  the  targets  of  mining  there;  they  are  also 
aquifers  of  local  significance.  This  mine  is  2h  miles  southwest  of  the 
Rosebud  mine,  so  geologic  and  hydrologic  conditions  around  the  two  are 
similar.  Active  pits  at  the  Big  Sky  mine  have  induced  substantially  . 
more  ground-water  inflow,  however,  partly  because  two  coal  beds  are 
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Figure  6. -The  Big  Sky  mine  in  T.  IN.,  R.  41E.,  southeastern  Montana, 
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being  mined  there.  Effluents  pumped  from  the  pits  are  chemical  mixtures 
C.  of  local  ground  waters  and  have  not  caused  degradation  of  water  quality. 

Water-level  declines  in  coal-bed  aquifers  have  been  as  great  as  2  meters 
very   close  to  the  active  pit  (APPENDIX  A).  More  than  1  kilometer  from 
the  mine,  declines  have  been  less  than  1  meter. 

As  active  mining  has  proceeded  northward,  a  saturated  zone  as  much 
i         ■  as  8  meters  thick  has  developed  at  the  spoils'  base.  Southeastward- 

flowing  ground  water  enters  the  spoils  from  undisturbed  aquifers,  and 
is  augmented  by  recharge  from  an  experimental  impoundment  in  the  south 
end  of  the  mined  area. 

Decker  Mine 

The  Decker  mine  (Fig.  7)  was  opened  in  early  1972  and  about  450 
hectares  of  land  have  since  been  disturbed.  Hydrologic  aspects  of 
^       mining  there  have  been  described  in  the  Montana  Bureau  of  Mines  Bulletin 
97,  by  Van  Voast  and  Hedges  (1975).  The  Anderson-Dietz  1  coal  bed,  the 
object  of  mining,  is  an  aquifer  of  large  areal  significance  westward 
from  the  mine.  This  mine  is  different  from  others  in  Montana  in  terms 
of  geologic  and  hydrologic  conditions.  Geologic  materials  at  the  Decker 
mine  contain  much  more  sodium  than  do  materials  at  other  mines.  Con- 
sequently, ground  waters  in  the  coal  and  overburden  contain  relatively 
high  concentrations  of  sodium.  Sulfate,  a  major  constituent  in  waters 
at  other  mines,  is  notably  absent  from  water  in  the  coal.  Instead, 
bicarbonate  is  present  in  high  concentrations,  in  some  places  to  the 
degree  of  over-saturation.  Where  oversaturated  with  bicarbonate,  the 
water  is  somewhat  like  the  artificially  carbonated  soda  water  that  is 
marketed  commercially.  Dissol ved-solids  concentrations  in  waters  in  the 
coal  are  uniformly  between  1,000  mg/1  and  2,000  mg/1 ,  in  contrast  to  the 
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Direction  of  ground-water  flow.       ^ 


Figure  7. -The  Decker  mine  in  T.  9S.,  R.  40E.,  southeastern  Montana. 
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diverse  and  generally  higher  Values  for  waters  in  other  mine  areas. 

Another  unique  hydrologic  condition  is  the  presence  of  the  Tongue 
River  Reservoir  at  the  eastern  end  of  the  mine.  The  reservoir  and 
hydrologically  connected  alluvium  form  a  hydrologic  boundary  that 
strongly  limits  any  eastward  effects  of  mining. 

Water  levels  in  research  wells  around  the  Decker  mine  have  declined 
much  more  than  those  near  other  Montana  mines.  Within  3  kilometers  west 
of  the  active  pit,  declines  have  been  more  than  3  meters;  close  to  the 
pit,  water  levels  have  declined  as  much  as  25  meters  (APPENDIX  A). 
Ground-water  inflow  to  the  mine  pit  has  been  substantial  enough  that 
pumpage  to  the  Tongue  River  has  often  been  necessary.  Introduction  of 
these  effluents  to  the  river  is  an  acceleration  of  naturally  occurring 
ground-water  discharge  and  has  not  significantly  changed  the  river- 
water  quality. 

HYDR0GE0L06IC  CONDITIONS  IN  MINE  SPOILS 

Ground-Water  Levels 

In  all  of  the  mined  areas,  ground  waters  have  been  re-entering 
backfilled  pits.  Water  levels  in  mine  spoils  were  monitored  at  43 
research  wells  during  the  study  (APPENDIX  B).  At  the  Big  Sky  mine, 
saturated  thickness  of  the  spoils  has  increased  dramatically  near  an 
impoundment  (Fig.  8)  at  the  mine's  southern  end.  Effluent  from  the 
active  pit  has  been  pumped  into  the  experimental  impoundment  periodically 
since  March  1976.  The  impoundment,  an  abandoned  mine  cut  that  penetrates 
the  entire  thickness  of  spoils,  recharges  the  ground-water  system  and  has 
increased  the  saturated  thickness  of  nearby  spoils  by  more  than  4.5  meters, 

At  the  Decker  mine,  a  saturated  zone  as  much  as  14-meters  thick  has 
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Figure  8. -Increased  saturated  thickness  of  mine  spoils  near  an 
experimental  impoundment  at  the  Big  Sky  mine,  southeastern  Montana, 
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developed  in  the  spoils  (Fig.  9)  as  ground  waters  have  reentered  the  east 
side  of  the  mine  area.  Sources  of  the  reentering  waters  are  undisturbed 
coal  and  alluvium.  The  alluvium  is  in  close  hydraulic  connection  with 
the  nearby  Tongue  River  Reservoir  in  which  the  stage  varies  greatly 
during  each  year.  The  changes  in  reservoir  stage  are  effectively  trans- 
mitted through  the  alluvium  to  the  saturated  spoils,  causing  water  levels 
there  to  fluctuate  as  much  as  2  meters  per  year. 

Hydraulic  Conductivity 
A  major  control  in  the  rate  that  ground  water  moves  into  and  through 
geologic  materials  is  hydraulic  conductivity.  To  determine  hydraulic 
conductivity  of  mine  spoils,  aquifer  tests  were  conducted  at  many  of  the 
research  wells.  In  all,  23  tests  were  conducted  (Table  1):  8  at  the 
Big  Sky  mine,  9  at  the  Rosebud  mine,  and  6  at  the  Decker  mine.  No  tests 
were  conducted  at  the  Absaloka  mine.  Wide  ranges  of  values  were  found 
in  all  mine  areas,  indicating  diverse  conditions  along  the  mine  floors. 
Examinations  of  the  mining  operations  and  the  mine  floors  indicate  that 
rubble  consisting  of  boulders  and  wasted  coal  is  present  in  many  places 
and  that  these  materials  can  provide  wide  variations  in  hydraulic  con- 
ductivity. Values  at  the  Rosebud  and  Decker  mines  do  not  appear  greatly 
different,  and  are  more  uniform  than  those  found  in  spoils  at  the  Big 
Sky  mine. 

'  The  observed  broad  ranges  of  hydraulic  conductivity  for  spoils  and 

coal-bed  aquifers  are  not  at  all  unusual  for  geologic  materials.  The 
hydraulic  conductivities  of  any  particular  geologic  material  typically 
exhibit  a  lognormal  distribution  because  values  of  conductivity  have 
a  lower  bound  greater  than  zero  (all  geologic  materials  are  conductive 

%^  to  some  degree)  and  an  upper  bound  that,  for  practical  purposes,  is 
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Figure  9. -Saturated  spoil  thicknesses  at  the  Decker  mine, 
southeastern  Montana. 
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Table  l.-Transmissivity  and  hydraulic-conductivity  values  for  mine  spoils  in  southeastern  Montana. 


Transmissivity 

Hydraulic 

Well 

Well 

(square  meters 

conductivity 

Mine  area 

location 

designation 

Type  of  test* 

per  day) 

(meters  per  day) 

Big  Sky 

IN 

41E 

22DAA 

BS-40 

Bailer  recovery 

0.05 

0.005 

IN 

4  IE 

27ABCC 

3 

BS-22 

tT 

.01 

.007 

IN 

41E 

27ACCC 

BS-37 

it 

.006 

.0006 

IN 

41E 

27ADCA 

BS-36 

■It 

.003 

.0003 

IN 

41E 

27ADCC 

BS-35 

Constant  discharge 

1.58 

.08 

IN 

41E 

27BADC 

3 

BS-19 

Bailer  recovery 

0.09 

.01 

IN 

41E 

27DADC 

BS-34 

Constant  discharge 

121. 

3.57 

IN 

4  IE 

27DBDC 

BS-28 

It 

291. 

19.9 

Rosebud 

IN 

42E 

17BDDC 

S-2 

Bailer  recovery 

6.00 

1.52 

IN 

42E 

18DAAB 

2 

EPA-12 

?f 

1.20 

1.40 

IN 

42E 

18DAAC 

2 

EPA-10 

II 

2.20 

1.74 

IN 

42E 

18DAAD 

2 

EPA- 2 

II 

0.03 

0.01 

IN 

42E 

18DAAD 

3 

EPA-3 

II 

2.60 

1.04 

IN 

42E 

18DAAD 

4 

EPA-4 

11 

3.44 

1.19 

IN 

42E 

18DABD 

1 

EPA-5 

II 

0.20 

0.07 

IN 

42E 

18DABD 

2 

EPA-6 

II 

.20 

.09 

IN 

42E 

18DABD 

4 

EPA-8 

.  It' 

.80 

.55 

Decker 

9S 

40E 

9DCAB 

2 

DS-5B 

Bailer  recovery 

0.02 

0.001 

9S 

40E 

15CACD 

DS-3 

II 

8.10 

1.06 

9S 

40E 

15CBDA 

DS-4 

II 

0.02 

0.008 

9S 

40E 

15CDBC 

1 

DS-IA 

Constant  discharge 

12.4 

2.55 

9S 

40E 

15CDBC 

2 

DS-IB 

ti 

7.70 

1.58 

9S 

40E 

15DBCC 

2 

DS-2B 

Bailer  recovery 

0.003 

0.002 

1 

INS 


*Bailer  recovery:   analysis  with  Skibitzke  (1958)  equation  for  residual  drawdown  after  multicycle  bailing, 
Constant  discharge:   analysis  with  Jacob  (1940)  modification  of  Theis  (1935)  nonequilibrium  equation. 
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essentially  unlimited.  The  hydraulic  conductivities  calculated  from 
tests  of  coal-bed  aquifers  (APPENDIX  C)  by  the  Montana  Bureau  of  Mines 
and  Geology  in  numerous  research  areas  in  southeastern  Montana  illustrate 
a  typical  lognormal  distribution  (Fig.  10).  The  linearity  of  the  plotted 
values  indicates  that  the  distribution  of  hydraulic  conductivities  in 
coal  may  be  approximated  closely  by  a  lognormal  distribution.  Lognormal 
distribution  is  similarly  expected  to  represent  hydraulic  conductivities 
in  spoils  and  in  coal  beds  within  smaller  areas. 

"Mean"  and  "standard  deviation"  are  two  statistical  terms  used  to 
describe  a  group  of  data  or  a  sample  set.  The  mean  of  a  finite  sample 
is  defined  as  the  sum  of  the  values  divided  by  the  number  of  values. 
The  standard  deviation  is  defined  as  the  square  root  of  the  sum  of  the 
deviations  squared,  where  a  deviation  is  the  difference  between  the  mean 
and  the  sample  value,  divided  by  the  number  of  values.  Both  statistics 
are  useful  in  describing  finite  sample  populations  or  a  finite,  random 
number  of  samples  from  an  infinite  sample  population.  In  order  to  make 
a  meaningful  comparison  between  two  small  sample  sets  with  differing 
sample  sizes,  it  is  necessary  to  generate  estimates  of  the  population 
statistics  based  upon  the  sample  statistics.  The  generated  estimates 
establish  an  interval  around  the  sample  statistic  within  which  the 
population  statistic  would  be  contained  with  a  selected  degree  of  con- 
fidence. Ninety-five  percent  confidence  intervals  were  constructed  • 
around  the  sample  means  and  standard  deviations  for  the  following  sets 
of  hydraulic  conductivity  samples  (Fig.  11):  spoils  at  the  Rosebud 
and  Big  Sky  mines;  coal-bed  aquifers  within  or  near  the  Rosebud  and 
Big  Sky  mines;  spoils  at  the  Decker  mine;  coal-bed  aquifers  within  or 
near  the  Decker  mine;  and  coal-bed  aquifers  in  all  areas  studied,             ^^ 
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Figure  10. -Statistical  distribution  of  hydraulic-conductivity  values 
from  aquifer  tests  of  coal  beds  in  southeastern  Montana. 
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regardless  of  proximity  to  mining  activity.  The  sample  means  and  the 
confidence  intervals  for  population  means  are  shown  on  Figure  11.  The 
sample  standard  deviations  and  the  confidence  intervals  for  the  popu- 
lation standard  deviations  for  these  sets  are  shown  on  Figure  12. 

Based  upon  the  statistics  illustrated  in  Figures  11  and  12,  and 
supported  by  the  statistical  "t"  and  "F"  tests  (tests  of  means  and 
variance  respectively),  conclusions  regarding  hydraulic  conductivities 
in  spoils  may  be  made:  1)  In  the  Colstrip  area,  the  spoils  exhibit 
similar  characteristics  of  hydraulic  conductivity  as  the  coal  which 
they  replace;  and  2)  In  the  Decker  area,  where  hydraulic  conductivities 
of  the  coal  aquifers  are  generally  uniform  and  somewhat  higher  than  in 
other  areas,  the  spoils  have  generally  lower  conductivities  that  are 
much  more  variable  than  the  coal-beds  that  they  replace. 

Both  the  statistical  analysis  of  aquifer-test  data,  and  the 
directly  measured  evidence  of  ground  water  reentering  the  mined  areas, 
indicate  that  mined  lands  in  southeastern  Montana  do  not  act  as  barriers 
to  ground-water  flow.  The  differences  between  pre-mining  and  post- 
mining  hydraulic  conductivities  for  existing  and  future  mine  areas  can 
vary,  depending  upon  overburden  characteristics  and  mining  techniques, 
but  there  is  no  reason  to  expect  permanent  blockage  of  ground-water 
flow. 


*  Storage  Coefficient 

Hydraulic  conductivity  is  a  necessary  parameter  for  calculations 
regarding  steady-state  or  natural  long-term  flow  conditions.  An  addi- 
tional aquifer  characteristic,  storage  coefficient  (  a  dimensionless 
ratio),  is  needed  for  calculations  predicting  non-steady-state  flows 

^       and  water  levels  during  relatively  short  periods  such  as  during  well 
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production  or  inflow  to  mine  pits.  The  ratio  is  also  an  indicator  of 
^;       the  conditions  under  which  water  is  contained  in  an  aquifer.  Where 

ground  water  is  under  pressure  greater  than  atmospheric  pressure,  stor- 
age coefficients  commonly  range  between  .01  and  .000001.  Where  ground 
water  occurs  under  pressures  equal  to  atmospheric  pressure,  storage 
coefficients  are  approximately  equal  to  aquifer  porosities  expressed  as 
decimals;  they  generally  range  between  0.1  and  0.3.  To  hold  water 
under  pressures  greater  than  atmospheric,  an  aquifer  must  be  confined 
beneath  less  permeable  material  such  as  clay  or  silt.  The  coal-bed 
aquifers  in  most  places  in  southeastern  Montana  are  interbedded  with 
clay  and  silt;  when  the  aquifers  are  penetrated  by  wells,  waters  gen- 
erally rise  in  the  casings  to  levels  higher  than  the  aquifers,  thus 
indicating  the  confining  conditions.  Water  levels  in  these  wells  also 
fluctuate  as  atmospheric  pressures  change.  During  periods  of  lowest 
^       atmospheric  pressure,  water  levels  stand  highest;  increased  atmo- 
spheric pressures  push  the  water  levels  downward  in  the  wells.  When 
wells  are  completed  in  the  mine  spoils,  it  is  usually  not  apparent  at 
what  depths  the  most  permeable  conditions  occur  or  whether  water  levels 
rise  in  the  casings. 

To  learn  the  mode  of  containment  of  ground  water  in  spoils,  con- 
tinuous water-level  recorders  and  a  recording  barograph  were  utilized 
in  the  mine  areas;  concurrent  water  levels  and  atmospheric  pressures 
were  recorded  for  calculations  of  storage  coefficient.  Figure  13,  an 
example  of  the  type  of  data  obtained,  shows  typical  water-level  res- 
ponses to  changes  in  atmospheric  pressure.  Storage  coefficients  were 
estimated  from  these  data,  using  a  method  developed  by  Jacob  (1940, 
^F^       P-  583).  Jacob's  method  requires  estimates  of  porosity  and  aquifer 
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Figure  13. -Example  of  water-level  and  barometric  changes  from 
which  storage  coefficients  were  calculated  for  mine-spoils 
aquifers  in  southeastern  Montana. 
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thickness,  neither  of  which  are  known  for  mine  spoils.  Porosity  was 
assumed  to  be  25  percent  and  saturated  thicknesses  of  spoils  were  used 
for  aquifer-thickness  values;  in  doing  the  storage-coefficient  estimates 
it  was  apparent  that  Jacob's  equation  is  not  very  sensitive  to  these 
estimates.  For  the  6  wells  where  adequate  data  were  obtained,  the 
following  values  of  storage  coefficient  were  estimated: 


Mine 

Well 

Storage 

area 

•designation 

coefficient 

Big  Sky 

BS-29 

.00003 

Rosebud 

S-01 

.00003 

Rosebud 

S-02 

.00001 

Decker 

DS-03 

.00002 

Decker 

DS-04 

.00003 

Decker 

DS-07B 

.00003 

m||^' 


The  low  values  of  storage  coefficient  shown  above  strongly  indicate 
that  the  mine-spoils  aquifers  are  confined  between  less  permeable  strata. 
All  evidence  suggests  that  the  most  permeable  portions  of  mine  spoils 
occur  along  the  bases  of  the  mine  floors  where  coarse  materials  such  as 
wasted  coal  and  boulders  have  been  covered  with  finer-grained  geologic 
meterials. 

Both  the  storage-coefficient  data  and  the  hydraulic-conductivity 
interpretations  indicate  that  the  occurrence  and  flow  of  ground  water 
in  mine  spoils  is  not  greatly  different  from  conditions  in  the  undis- 
turbed coal-bed  aquifers.  In  both  cases,  ground-waters  are  in  aquifers 
confined  between  less  permeable  materials,  and  the  potential  rates  of 
flow  do  not  appear  dissimilar. 

SPOILS-WATER  QUALITY 
Aspects  of  water  quality  in  mine  spoils  are  far  more  complex  than 
those  of  ground-water  flow.  Because  of  the  replacement  of  organic 
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aqu if er  material  (coal)  by  clay,  silt,  and  sand,  it  seems  likely  that 

different  chemical  characteristics  will  be  found  in  post-mining  ground         ^ 

waters. 

To  examine  these  differences,  laboratory  analyses  were  conducted 
on  many  samples  of  spoils  waters  from  southeastern  Montana  mines.  The 
waters  were  analyzed  to  determine  concentrations  of  major  chemical  con- 
stituents (APPENDIX  D),  and  selected  samples  were  analyzed  for  trace- 
element  concentrations  (APPENDIX  E).  The  water-quality  data  base  also 
includes  analyses  of  waters  from  observation  wells  completed  in  coal- 
bed  aquifers  (APPENDIX  F),  and  analyses  of  ground  waters  presently  used 
for  stock  and  domestic  supplies  (APPENDIX  G). 

Major  Constituents 

Strong  diversities  of  chemical  types  and  concentrations  occur  in 
spoils  waters  at  the  four  mines  that  were  studied.  Of  the  principal  ^k 

cations  (calcium,  magnesium,  and  sodium),  sodium  is  strongly  predominant 
in  Decker  spoils  waters  and  is  present  in  only  minor  concentrations  dn 
Rosebud  spoils  waters.  Sodium  is  predominant  in  the  one  analyses  of 
Absaloka  mine  water  and  in  a  few  analyses  of  water  from  the  Big  Sky  mine. 
Magnesium  and  calcium  are  the  predominant  cations  in  analyses  of  Rosebud 
spoils  water  and  in  most  analyses  of  Big  Sky  spoils  water.  Of  the  prin- 
cipal anions  (bicarbonate,  sulfate,  and  chloride),  bicarbonate  is  gen- 
erally predominant  in  analyses  of  Decker  spoils  water  and  rarely 
predominant  in  analyses  of  water  from  the  Rosebud,  Big  Sky,  and  Absaloka 
mines. 

Comparisons  of  water  quality  in  mined  and  non-mined  situations  in- 
dicate that  concentrations  of  major  constituents  in  spoils  waters  are 
substantially  different  from  those  in  the  coal  beds  and  that  the  quality 
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of  spoils  water  changes  temporally. 

The  best  location  for  a  comparison  of  spoils  waters  and  coal-bed 
waters  is  at  Decker,  where  ground  water  in  the  coal  is  known  to  have  a 
very  uniform  quality.  There,  research  wells  were  installed  in  spoils 
very  near  to  wells  that  penetrate  the  coal.  At  that  locale,  water  in 
the  spoils  contains  much  more  calcium,  magnesium,  and  sulfate  than  does 
the  water  in  the  coal  (Fig.  14).  The  quality  of  spoils  water  there 
very  closely  resembles  that  of  water  in  a  local  sandstone  bed,  part  of 
the  coal's  overburden.  At  this  one  location  it  is  not  difficult  to  see 
the  difference  between  pre-mining  and  post-mining  ground-water  quality. 
When  examining  larger  numbers  of  samples  over  larger  areas,  the  dif- 
ferences are  very  difficult  to  detect  because  of  extreme  water-quality 
diversity  in  spoils  and  in  most  coal  beds. 

The  temporal  variability  of  spoils-water  quality  further  complicates 
any  description  of  post-mining  conditions.  The  changes  probably  occur 
for  several  reasons.  Saturated  thicknesses  of  spoils  in  some  of  the 
mine  areas  have  not  yet  attained  equillibrium;  the  changing  water  levels 
change  the  amount  of  salts  available  for  solution.  Complete  circulation 
of  ground  water  through  the  mined  lands  has  not  yet  occurred;  a  uniform 
areal  distribution  of  dissolved  salts  has  not  been  established.  Combined 
with  these  factors  is  the  complex  distribution  of  available  salts  in  the 
spoils;  salt  content  in  overburden  is  highly  diverse,  and  the  diversity 
can  be  amplified  when  the  materials  are  moved  during  mining.  The  study 
of  mine-spoils  water  quality  is  further  complicated  by  the  apparent  pre- 
sence of  "mine-floor"  aquifers  that  are  more  transmissive  than  the  other 
spoils  materials.  Analyses  of  samples  from  wells  probably  more  reflect 
water  quality  in  these  zones  rather  than  in  the  entire  saturated  thick- 
nesses. 
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Figure  14. -Chemical  comparisons  of  Decker  area  ground  waters  from  coal 
(dissolved  solids,  1050  mg/1),  overburden  (dissolved  solids,  3800  mg/1), 
and  spoils  (dissolved  solids,  3300  mg/1). 
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The  changes  that  occur  in  spoils-water  quality  are  different  at  each 
mine,  and  perhaps  also  different  at  locales  within  each  mine.  At  the 
Rosebud  mine,  concentrations  of  dissolved  solids  in  waters  from  well 
S-01  have  generally  increased  since  1973  (Fig.  15).  Concentrations  were 
erratic  through  1975,  possibly  because  of  changes  in  saturated  thick- 
nesses. Since  1976,  they  have  been  increasing  relatively  uniformly 
without  any  associated  changes  in  saturated  thickness. 

At  the  Big  Sky  mine,  concentrations  of  dissolved  solids  have  appar- 
ently not  changed  greatly  at  well  BS-28  (Fig.  16),  although  the  satu- 
rated thickness  has  increased  by  about  7  meters  since  November,  1976, 
It  may  be  that,  here,  the  sampling  reflects  quality  of  water  only  in 
the  "mine-floor"  aquifer  rather  than  that  in  the  entire  zone  of  satu- 
ration. 

At  the  Decker  mine,  water  quality  was  apparently  \/ery   erratic  at 
wells  DS-IB  and  DS-7B  during  1975  and  1976  (Fig.  17).  From  mid-1976 
through  mid-1978  the  sum  of  dissolved  constituents  was  more  stable,  and 
followed  an  apparent  gradual  decreasing  trend.  The  period  of  relatively 
erratic  water  quality  occurred  while  ground  water  first  entered  the  spoils, 
After  a  saturated  thickness  of  about  6  meters  had  become  established, 
water  samples  were  of  more  consistent  chemical  quality.  By  mid-1978, 
a  saturated  thickness  of  14  meters  was  established,  and  the  water 
quality  was  not  significantly  different  from  that  found  in  late  1976. 
Waters  sampled  at  the  2  wells  (DS-7B  was  drilled  to  replace  DS-IB  when 
the  casing  failed  in  1977)  undoubtedly  were  from  the  mine-floor  aquifer 
where  most  flow  occurs,  and  may  not  be  chemically  representative  of 
ground  water  higher  in  the  saturated  zone. 
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Figure  15. -Changes  in  saturated  thickness  and  water  quality  in  Rosebud 
mine  spoils  (well,  S-01),  southeastern  Montana. 
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Figure  17. -Changes  in  saturated  thickness  and  water  quality  in  Decker 
mine  spoils  (well,  DS-IB,  7B),  southeastern  Montana. 
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Comparison  With  Quality  of  Other  Ground  Waters 
Significance  of  the  quality  of  spoils  water  within  the  Fort  Union 
Region  is  difficult  to  appraise  because  of  the  extreme  diversity  of 
water  quality  in  the  mined  areas  and  throughout  the  Region.  To  place 
spoils-water  quality  in  perspective  to  other  waters  of  the  Region, 
certain  statistics  were  determined  for  individual  parameters,  and  were 
compared  for  various  ground-water  sources  and  uses.  The  date  file  for 
statistical  analyses  consists  of  112  analyses  of  water  from  observation 
wells  completed  in  mine  spoils  (APPENDIX  D),  169  analyses  of  water  from 
observation  wells  completed  in  undisturbed  aquifers  (APPENDIX  F),  and 
505  analyses  of  water  from  stock  and  domestic  wells  in  the  Region 
APPENDIX  G).  All  of  the  analyses  were  conducted  by  the  MBMG  (Montana 
Bureau  of  Mines  and  Geology)  laboratory,  Butte.  Water  samples  from  the 
observation  wells  were  collected  by  MBMG  personnel;  those  from  stock 
and  domestic  wells  were  collected  by  the  U.S.  Geological  Survey  and  the 
MBMG  during  hydro! ogic  inventories  of  the  Region  (Fig.  18). 

For  the  statistical  analyses,  mean  values  are  used  as  central 
statistics  and  standard  deviations  are  used  as  measures  of  variability. 
The  distribution  of  some  parameters  within  certain  sample  sets  can  be 
approximated  by  a  normal  distribution  (Table  2).  The  distribution  of 
most  parameters,  however,  are  approximated  equally  well  or  better  by  a 
lognormal  distribution  (Table  3)  within  which  most  correlation  coef- 
ficients exceed  0.90.  Tables  2  and  3  do  not  show  accurate  comparisons 
between  sample  sets;  the  statistics  are  misleading  because  of  variations 
in  sample  sizes,  but  they  do  provide  a  general  characterization  of  the 
samples  in  each  set. 

In  order  to  compare  parameter  distributions  between  sets,  standard 


Figure  18. -Outlines  of  Colstrip  and  Decker  areas,  and  locations  of  stock  and  domestic  wells  for  which 

water-quality  data  are  available. 
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Table  2. -Statistical   summaries  of  water  quality  for  various  sample  sets, 
assuming  a  normal   distribution  of  values. 


Sample  Set 


Parametei* 


BICARBOSATE 


CHLORIDE 


DISSOLVED 
SOLIDS 


SPECIFIC 
COMDUCTAIICI 


PB 


COLSTRIP  SPOILS 
74  samples 

334. 
93.85 
.95 

344. 
149.23 
.86 

130. 
184.61 
.65 

746. 
156.85 
.86 

1821. 
1042.4 
.86 

22.4 
19.41 
.88 

3051. 
1431.8 
.86 

3395. 
1354.2 
.87 

7.32 
.33 
.99 

COLSTRIP  STOCK 

AND  DOMESTIC 

57  samples 

101. 
73.27 
.97 

122. 
90.04 
.95 

294. 
244.97 
.96 

442. 
134.56 
.93 

981. 
598.92 
.97 

13.3 
19.40 
.50 

1758. 
866.09 
.98 

2299. 
997,53 
.97 

7.90 
.44 
.89 

ALL  STOCK  AND  DOMESTIC 

(excluding  Colstrip) 

448  samples 

84.5 
89.06 
.89 

93.1 

105.45 
.88 

408. 
287.97 
.96 

662. 
355.19 
.90 

876. 
881.34 
.92 

17.0 
26.92 
.60 

1835. 
1201.5 
.92 

2450. 
1361.3 
.93 

7.96 
.51 
.93 

DECKER  SPOILS 
37  samples 

76.9 
126.13 
.70 

53.1 
83.14 
.72 

792. 

371.24 
.95 

1391. 
348.78 
.96 

931. 
1249.4 
.83 

20.2 
16.16 
.89 

2597. 
1818.7 
.88 

3532. 
1969.1 
.92 

7.76 
.57 
.97 

DECKER  STOCK 

AND  DOMESTIC 

36  samples 

66.2 

74.77 
,92 

80.1 
122.93 
,78 

447. 
343.55 
,91 

882. 
520.70 
,95 

671. 
823.62 
.89 

12.7 
8,01 
,94 

1754. 
1138,0 
.92 

2390. 
1353.4 
•93 

8.09 
.61 
.96 

ALL  STOCK  AND  DOMESTIC 

(excluding  Decker) 

469  samples 

87.9 
88.30 
.90 

97.7 
102.62 
.90 

391. 
280.57 
.97 

618. 
320.42 
.89 

905. 
855.19 
.92 

16.9 
27.07 
.59 

1832. 
1171.3 
.92 

2436. 
1324.5 
■93 

7.95 
.49 
.93 

ALL  STOCK  AND  DOMESTIC 
505  samples 

86.4 
87.52 
.90 

96.5 

104 . 16 
.89 

395. 

285.49 
.96 

637. 
344.63 
.89 

888. 

854.32 
.92 

16.5 
26.19 
.59 

1826. 
1168.0 
.92 

2433. 
1325.3 
.93 

7.96 
.50 
.93 

ALL  COAL 

OBSEPVATION  WEILS 
168  samples 

ISO. 

163.22 
.95 

193. 
277.33 
.78 

343. 

286.18 
.89 

793. 
483.74 
.93 

1208. 
1432.4 
.83 

23.7 
29.93 
.73 

2349. 

1813.9 
.83 

2839. 

1629.2 
.88 

7.83 
.54 
.95 

I 

I 


Key    for   each  sample   set : 


sample 

stAjidard   deviation 

correlation   coefficient 


*Values  for  constituents ,  milligramm  pmr  Ilt«r,- 
specific   conductance ,   microabos  per  i  arif  i"»if  nr j 
pH ,   standard   units. 


Table  3.-  Statistical  summaries  of  water  quality  for  various  sample  sets, 
assuming  a  lognormal   distribution  of  values. 


Sample  Set 


Parwieter* 


CALCIUM 


MAGNESIUM 


SODIUM 


BICARBONATE 


SULFATE 


CHLOKIOE 


DISSOLVED 
SOLIDS 


SPECIFIC 
COHDUCTABa 


COLSTRIP  SPOILS 
74  saiapIeB 

2.50 
.14 
.90 

2.50 

.17 
.92 

1.90 
.38 
.92 

2.86 
.09 
.91 

3.20 
.23 
.94 

1.21 
.36 
.96 

3.45 
.18 

.94 

3.S0 
.15 
.94 

.02 
.99 

COLSTRIP  STOCK 

AND  DOMESTIC 

57  samples 

1.83 
.48 
.93 

1.83 
.66 
.85 

2.25 
.51 
.97 

2.63 
.13 
.97 

2.85 
.51 
.76 

.99 
.28 
.90 

3.19 
.24 
.97 

3.32 
.21 
^97 

.90 
.87 

ALL  STOCK  AND  DOMESTIC 
(excluding  Colstrlp) 
4A8  samples 

1.56 
.70 
.97 

1.43 
.94 
.95 

2.45 
.44 
.93 

2.76 
.23 
.94 

2.42 

1.08 

.87 

1.00 
.41 
.91 

3.18 
.28 
.99 

3.32 
.2« 

.90 
.03 
.92 

DECKER  SPOILS 
37  samples 

1.51 
.57 
.98 

1.34 
.61 
.98 

2.85 
.20 
.98 

3.13 
.11 
.98 

2.38 
.98 
.94 

1.19 
.32 
.99 

3.33 
.27 
.97 

3.49 
.22 

.98 

.03 
.9S 

DECKER  STOCK 

AND  DOMESTIC 

36  samples 

1.40 
.71 
.99 

1.21 
.96 
.99 

2.50 
.42 
.95 

2.87 
.28 
.98 

2.10 

1.16 

.95 

1.02 
.28 
.99 

3.16 
.27 
.97 

3.31 
,24 
.97 

.91 
,9« 

ALL  STOCK  AND  DOMESTIC 

(excluding  Decker) 

469  samples 

1.60 
.68 
.96 

1.50 
.91 
.93 

2.43 
.45 
•9* 

2.74 
.22 
.94 

2.49 

1.02 

.84 

1.00 
.41 
.91 

3.18 
.27 
.98 

3.32 
.24 

.90 
.03 
.91 

ALL  STOCK  AND  DOMESTIC 
505  samples 

1.59 
.68 
.96 

1.48 
.92 
.94 

2.43 
.45 
.94 

1.75 
.23 
.94 

1.46 

1.04 

.85 

1.00 
.40 
.91 

3.18 
.27 
.98 

3.32 
.24 
.98 

.90 
.03 
.92 

ALL  COAL 
OBSERVATION  WELLS 
168  samples 

1.79 
.74 
.98 

1.68 
.93 
.97 

2.39 
.37 
.98 

2.82 
.29 
.94 

2.57 

1.02 

.87 

1.16 
.41 
.98 

3.27 
.29 
.97 

3.39 
.23 
.97 

.09 

.03 
.94 

I 

o 

I 


Key   for  each  sample  set : 


sample  mean  of  logs  of  values 
standard  deviation  of  logs  of  values 
cyDrrelation  coefficient 


*Values  for  constituents,   nilligrm*m  pai  litazi 
specific  conductance ,   micixxtivs  par  csntlamtar/ 
pB,  standard  units. 
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statistical  tests  were  employed  at  a  95-percent  level  of  confidence. 
f  Statistical  tests  of  means  were  performed  to  compare  all  sets,  assuming 

all  parameters  within  each  set  to  be  normally  distributed  (Table  4), 
and  then  assuming  all  parameters  within  each  set  to  be  lognormally  dis- 
tributed (Table  5).  Inspection  of  Tables  4  and  5  yields  numerous  sta- 
tistical  differences  between  sets,  some  of  which  are  meaningful  and 
some  others  that  are  not;  none  of  them  are  particularly  unexpected 
because  of  the  known  diversity  of  ground-water  quality. 

For  perspective,  the  quality  of  waters  from  undisturbed  aquifers 
in  the  Col  strip  and  Decker  areas  are  first  compared  with  those  in  the 
rest  of  the  Region.  From  Tables  4  and  5,  stock  and  domestic  wells  in 
the  Col  strip  area  produce  waters  containing  statistically  higher  con- 
centrations of  calcium,  magnesium,  and  sulfate  than  do  other  wells  in 
the  Region,  but  dissolved-solids  contents  are  not  statistically  higher. 
Stock  and  domestic  wells  near  Decker  produce  waters  that  have  higher 
bicarbonate  and  lower  sulfate  concentrations  than  the  regional  waters, 
although  dissolved  solids  contents  are  not  statistically  higher. 

Comparisons  in  the  tables  are  also  made  between  qualities  of  water 
from  coal  observation  wells  and  those  from  stock  and  domestic  wells. 
In  most  cases,  specific-constituent  and  dissolved-solids  concentrations 
in  the  stock  and  domestic  supplies  are  statistically  lower  than  those 
in  waters  from  the  observation  wells.  Ranchers  drill  wells  for  stock 
and  domestic  supplies  and  try  to  obtain  the  best  quality  of  water  that 
is  possible;  research  wells  were  not  installed  with  regard  for  water 
quality. 

The  lack  of  research-well  bias  toward  water  quality  suggests  that 
comparisons  of  spoils-water  quality  with  coal -observation-well  water 
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quality  would  give  the  most  meaningful  perspective  of  post-mining  con- 
ditions in  the  regional  system.  In  the  Col  strip  area,  spoils  waters 
contain  higher  concentrations  of  calcium,  magnesium,  sulfate,  and  dis- 
solved solids  than  do  regional  coal-bed  waters;  sodium  concentrations 
are  statistically  lower.  Calculated  theoretical  mean  dissolved-solids 
concentrations  (95-percent  confidence)  in  the  Colstrip-area  spoils 
waters  are  590  mg/1  (milligrams  per  liter)  to  1370  mg/1  higher  than 
those  in  waters  from  undisturbed  coal  beds  of  the  Region.  At  Decker,  the 
spoils  waters  contain  statistically  higher  concentrations  of  sodium 
and  bicarbonate,  and  lower  concentrations  of  calcium  and  magnesium  than 
waters  in  coal  beds  throughout  the  region;  sulfate  and  dissolved-solids 
concentrations  are  not  statistically  different. 

Diversity  of  water  quality  between  mine  areas  is  shown  by  comparing 
spoils-water  quality  at  Col  strip  with  that  at  Decker.  At  the  Rosebud 
and  Big  Sky  mines  near  Col  strip,  concentrations  of  calcium,  magnesium, 
sulfate,  and  dissolved  solids  are  statistically  higher;  sodium  and 
bicarbonate  concentrations  are  higher  in  spoils  waters  at  Decker.  The 
predominance  of  particular  constituents  at  either  mine  area  reflect 
geochemical  conditions  in  overburden,  primarily  the  types  and  amounts 
of  salts  available  for  dissolution,  and  the  nature  of  exchange  reactions 
with  clays. 

Some  additional  comparisons  made  on  Tables  4  and  5  are  those  between 
qualities  of  spoils-waters  and  those  of  waters  at  nearby  stock  and 
domestic  wells.  Areas  outlined  in  Figure  18  were  selected  for  these 
comparisons.  At  Col  strip,  waters  in  the  spoils  contain  statistically 
higher  concentrations  of  calcium,  magnesium,  bicarbonate,  sulfate,  and 
dissolved  solids  than  do  the  nearby  stock  and  domestic  wells. 


0 
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Theoretical  mean  dissolved-solids  concentrations  are  820  mg/1  to 
1800  mg/1  higher  in  the  spoils  waters  than  those  in  nearby  stock  and 
domestic  supplies.  At  Decker,  the  spoils  waters  contain  higher  con- 
centrations of  sodium,  bicarbonate,  and  dissolved  solids  than  do  the 
local  water  supplies.  Theoretical  mean  dissolved-solids  concentrations 
in  the  spoils  waters  are  540  mg/1  to  860  mg/1  higher  than  those  in 
nearby  stock  and  domestic  supplies.  These  statistical  differences  do 
not  preclude  the  useability  of  spoils  waters  for  water  supplies,  however, 
Their  chemical  diversity  is  such  that  many  of  them  have  as  acceptable 
qualities  as  have  the  waters  from  undisturbed  aquifers. 

Trace  Elements 
Analyses  of  trace-element  concentrations  were  conducted  on 
selected  water  samples  collected  from  the  spoils  (APPENDIX  E).  Samples 
were  collected  and  preserved  in  accordance  with  U.S.  Geological  Survey 
(1972)  recommended  methods  and  were  analyzed  using  procedures  recom- 
mended by  the  U.S.  Environmental  Protection  Agency  (1974),  A  brief 
summary  of  the  trace-element  concentrations  along  with  some  general 
cormients  on  their  significance  are  outlined  below: 

Aluminum  (Ai)   -   Most  concentrations  at  the  Rosebud  and  Big  Sky 
mines  were  less  than  0.05  mg/1.  At  Decker,  concentrations  were  gener- 
ally higher;  the  maximum  concentration  was  0.77  mg/1,  not  enough  to 
have  significance.  In  a  literature  search,  Gough  and  Shack! ette  (1976) 
found  suggestions  that  at  least  1  mg/1  of  aluminum  is  required  to 
depress  the  most  sensitive  vegetation.  No  quantitative  data  are  avail- 
able regarding  effects  of  human  consumption. 
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Antimony  (sb)   -   Most  concentrations  were  less  than  0.20  mg/1 .  The 
maximum  concentration  was  3.6  mg/1.  No  information  was  found  describing       f^^ 
antimony  toxicity  to  plants.  There  is  no  known  effects  on  humans  from 
antimony  in  drinking  water  (U.S.  Environmental  Protection  Agency,  1973). 

Arsenic  (As)  -   Four  samples  of  ground  water  from  mine  spoils  con- 
tained detectable  concentrations  of  arsenic;  three  were  from  Decker 
spoils.  The  highest  concentration  was  38  pg/1 .  The  U.S.  Public  Health 
Service  (1962)  has  established  a  limit  of  50  yg/1  for  arsenic  permis- 
sible in  public  drinking  water. 

Beryllium  (Be)  -   All  concentrations  were  less  than  5  yg/1.  There 
are  no  known  effects  of  beryllium  in  water;  it  is  normally  insoluble 
(U.S.  Environmental  Protection  Agency,  1973). 

Boron   (B)   -  The  maximum  concentration  was  1.23  mg/1.  Concentrations 
were  generally  higher  at  the  Rosebud  and  Big  Sky  mines  than  at  Decker. 
Some  plants  such  as  citrus  trees  are  sensitive  to  waters  having  concen- 
trations greater  than  1.0  mg/1  (Wilcox,  1955),  but  crops  such  as  alfalfa 
are  far  more  tolerant. 

Cadmium  (cd)   ~   All  concentrations  were  0.03  mg/1  or  lower.  Gough 
and  Shacklette  (1976)  found  reports  in  the  literature  describing 
depressed  growth  of  plants  receiving  as  little  as  0.2  mg/1  cadmium  in 
nutrient  solutions.  The  U.S.  Public  Health  Service  (1962)  has  estab- 
lished a  limit  of  0.01  mg/1  cadmium  allowable  in  public  drinking  water. 

Chromium  (Cr)   -   One  sample  from  Big  Sky  spoils  contained  .06  mg/1. 
Other  concentrations  were  0.03  mg/1  or  less.  References  listed  by  Gough 
and  Shacklette  indicated  that  chromium  is  one  of  the  least  toxic  trace 
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metals  to  man.  The  U.S.  Public  Health  Service  permissible  limit  is  0.05 
^       mg/1  chromium  in  drinking  water. 

Copper  (Cu)  -   All  concentrations  were  0.05  mg/1  or  less  except  one 
anomalous  value  (0.13  mg/1);  little  significance  is  attributed  to  the 
lone  high  concentration.  The  U.S.  Public  Health  Service  recommended 
limit  for  copper  in  drinking  water  is  1.0  mg/1.  Copper  is  far  more 
toxic  to  fish  than  to  human  beings,  and  its  toxicity  depends  upon  other 
chemical  characteristics  of  the  water. 

Jron  (Fe)  -   Concentrations  as  high  as  5.1  mg/1  were  found,  although 
most  were  less  than  1.0  mg/1.  The  U.S.  Public  Health  Service  recom- 
mended limit  is  0.3  mg/1  in  public  drinking  water. 

Lead  (Pb)  -   Most  concentrations  listed  in  APPENDIX  E  exceed 
^       0.05  mg/1,  which  is  the  mandatory  public  drinking  water  limit  estab- 
lished by  the  U.S.  Public  Health  Service.  Of  the  higher  concentrations 
(0.1  mg/1  to  0.21  mg/1),  most  are  associable  with  ground  waters  in 
Rosebud  and  Big  Sky  mine  spoils.  During  the  research  for  this  report, 
some  questions  have  arisen  regarding  the  dependability  of  analytical 
methods  for  determining  lead  and  other  trace-metal  concentrations  in 
alkaline  or  saline  waters.      The  values  presented  here  were  found  by 
conventional  flame  atomic  absorption  methods  utilizing  deuterium-arc 
background  corrections.      Other  techniques  such  as  plasma-emission 
spectrophotometry  and  chelation  extractions  have  been  indicating  very 
different    (generally  lower)    concentrations,   particularly  in  Colstrip- 
area   waters.      Laboratories  of  the  U.S.    Environmental   Protection  Agency 
and  the  U.S.    Geological  Survey  have  also  become  aware  of  these  discrep- 
ancies and  are  examining  the  analytical   techniques.      The  values  in   this 
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report  are  presented  because  they  were  determined  by  a  currently  recom- 
mended method  even  though  its  dependability  has  recently  become  suspect. 

Lithium  (Li)  -   Concentrations  in  Rosebud  and  Big  Sky  spoils  waters 
ranged  between  0.02  mg/l  and  0.09  mg/1 ;  at  Decker  they  ranged  between 
0.07  mg/1  and  0.54  mg/1.  The  values  seem  to  be  far  less  than  any  that 
may  be  toxic  (discussed  by  Gough  and  Shacklette,  1976)  to  vegetation  or 
to  animals. 

Manganese  (Mn)  -   Many  Concentrations  were  found  that  exceed  1.0 
mg/1;  most  high  concentrations  were  in  waters  from  Rosebud  and  Big  Sky 
spoils.  The  U.S.  Public  Health  Service  recommends  that  public  drinking 
water  contain  less  than  0.05  mg/1  manganese.  Gough  and  Shacklette 
report  that  the  form  of  manganese  found  in  nature  (divalent)  has  a  low 
order  of  toxicity  to  living  organisms,  especially  to  vertebrate  animals. 

Mercury  (Hg)  -  The  highest  concentration  was  0.6  yg/1 .  Mercury, 
particularly  in  organic  form,  can  be  highly  toxic  to  all  animals.  The 
U.S.  Environmental  Protection  Agency  (1975)  has  set  a  permissible  con- 
centration of  2.0  yg/1  for  public  drinking  water. 

Nickel   (Ni)   -  The  maximum  concentration  was  0.15  mg/1.  A  rough 
positive  correlation  between  concentrations  of  nickel  and  lead  is  appar- 
ent. Nickel  is  not  a  "^ery   toxic  trace  element;  there  has  been  no  known 
toxicity  to  human  beings  from  nickel  in  drinking  water  (U.S.  Environ- 
mental Protection  Agency,  1973). 

Phosphate  (po^)  -   The  highest  concentration  was  0.75  mg/1  (as 
phosphorus).  Four  of  the  58  values  exceeded  0.10  mg/1;  most  were  less 
than  0.05  mg/1.  In  concentrations  found  in  water,  phosphorus  is  not 


^ 
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reported  to  be  toxic  to  man,  other  animals,  or  fish,  but  the  element 
does  stimulate  the  growth  of  algae  which  can  be  a  problem  in  surface 
waters. 

Selenium  (Se)   -  Almost  all  concentrations  were  less  than  5.0  ng/l. 
A  mandatory  concentration  limit  of  10  yg/1  selenium  in  public  drinking 
water  has  been  established  by  the  U.S.  Public  Health  Service  (1962). 

Silver  (Ag)  -   Concentrations  in  all  samples  were  0.01  mg/1  or  less. 
The  U.S.  Public  Health  Service  limit  is  0.05  mg/1  in  drinking  water. 

strontium  (Sr)  -   Concentrations  ranged  between  0.03  mg/1  and 
15.0  mg/1.  No  strontium  toxicity  to  animals  or  vegetation  is  mentioned 
in  the  literature.  ' 

Tin   (Sn)   -  Tin  was  detectable  in  most  samples;  range  of  concen- 
trations was  0.05  mg/1  to  4.88  mg/1.  There  are  no  substantiated  reports 
in  the  literature  of  tin  toxicity  of  plants;  animals  are  seemingly  tol- 
erant of  high  concentrations  in  food  or  water  (Gough  and  Shacklette, 
1976). 

Zinc  (Zn)   -   All  but  one  sample  contained  less  than  1.0  mg/1.  The 
anomalous  high  value  (10.8  mg/1)  was  found  in  Absaloka  spoils  water;  a 
later  sample  from  the  same  well  (analyzed  too  late  for  tabulation)  con- 
tained 0.38  mg/1,  however.  The  U.S.  Public  Health  Service  recommended 
limit  for  zinc  content  in  drinking  water  is  5.0  mg/1. 

Trace  elements  in  mine-area  waters  are  certainly  detectable,  but 
their  concentrations  are  not  alarmingly  high.  Comparison  of  lead  con- 
^;      tents  in  spoils  waters  and  other  waters  near  CoTstrip  suggests  that 
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somewhat  more  dissolved  lead  is  present  in  the  Rosebud  and  Big  Sky 

spoils  there.  The  differences  do  not  appear  significant,  however,  and         ^% 

because  of  current  doubts  over  the  adequacy  of  analytical  techniques, 

the  apparent  difi'erences  may  not  be  real. 

PREDICTING  POST-MINING  WATER  QUALITY 
It  has  been  established  that  ground  waters  in  mine  spoils  are 
different  (in  varying  degrees)  from  waters  in  the  coal  beds.  Pre- 
dictions of  water  quality  that  would  result  within  spoils  in  potential 
mine  areas  would  be  helpful.  A  predictive  capability  would  permit 
meaningful  determinations  of  impacts  of  mining  on  local  ground-water 
quality,  and  would  allow  evaluations  of  alternative  spoiling  tech- 
niques and  mining  plans. 

During  this  study,  leaching  tests  to  simulate  field  conditions 
were  conducted  in  the  laboratory;  distilled  and  field  waters  and  a 
variety  of  spoils  materials  were  used.  Attempts  were  made  to  determine 
the  amount  of  readily  soluble  salts  in  the  spoils,  and  to  identify  the 
effects  of  flow  rates  and  distances  upon  the  qualities  of  leachates. 
The  spoils  materials  were  contained  within  vertical  plexiglass  columns, 
each  having  an  overall  height  of  73  centimeters  and  an  inside  diameter 
of  5  centimeters.  The  threaded  tops  of  the  columns  were  fitted  with 
sealable  caps  which  permitted  pressurization  for  the  maintenance  of 
constant  hydrostatic  pressures.  The  leachates  were  collected  through 
valves  at  the  lovier   ends  of  the  columns  for  determinations  of  water- 
quality  characteristics.  In  all  tests,  resulting  leachate  qualities 
were  found  to  be  similar  to  qualities  of  spoils  waters  sampled  in  the 
field.  Rates  of  dissolution  were  rapid  in  all  of  the  experiments; 
specific-conductance  values  for  leachates  were  linear  functions  of  the 
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logarithms  of  cummulative  volumes  of  leachate,  with  slopes  and  inter- 
cepts dependent  upon  amounts  and  types  of  spoil  materials.  Spoils 
materials  from  the  Decker  mine  contained  such  large  volumes  of  expanding 
clays  that  leach  tests  could  not  be  conducted.  Experiments  of  leaching 
Big  Sky  mine  spoils  with  distilled  water  and  with  water  from  undisturbed 
coal  beds  (Fig.  19)  gave  typical  results  for  the  Col  strip  area.  Using 
both  types  of  leach  water,  specific  conductance  of  the  leachates  decreased 
rapidly  early  in  the  experiments ^  and  progressively  more  gradually  as 
flow-through  continued.  Sulfate  was  the  predominant  anion  being  dis- 
solved throughout  the  tests.  Magnesium  and  sodium  were  rapidly  removed 
at  originally  high  but  gradually  decreasing  rates;  calcium  dissolved  at 
relatively  constant  but  slightly  increasing  rates.  At  the  conclusion  of 
the  leaching  experiments,  calcium  and  sulfate  were  by  far  the  predomi- 
nant salts  being  dissolved.  Had  the  experiments  been  continued,  the 
dissolved-solids  concentrations  probably  would  have  become  very  similar 
to  those  of  the  input  waters.  Calcium  concentrations  in  the  leachates 
were  strikingly  consistent  relative  to  the  concentrations  of  other 
major  ions.  Calcium  appears  to  have  a  saturation  plateau  between  about 
25  meq/1  (milliequivalents  per  liter)  and  30  meq/1 .  Some  suppression 
of  calcium  dissolution  seems  apparent  when  other  ions  are  present  in 
high  concentrations.  Magnesium  and  sodium  concentrations  exceeded  those 
of  calcium  in  the  first  one  or  two  pore  volumes  of  leachate  and  then 
rapidly  decreased.  Sulfate  was  the  predominant  anion  in  all  of  the 
leachates,  and  its  concentrations  seemed  dependent  on  the  availability 
of  cations  for  dissolution. 

Results  of  the  leaching  experiments,  when  expressed  as  milliequiva- 
lents of  salts  (Fig.  20)  show  the  relative  volumes  of  dissolved  salts 
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Figure  19. -Examples  of  spoil  leaching  experiments  using  distilled  water 
(specific  conductance,  10  micromhos  per  centimeter)  and  ground 
water  collected  in  the  field  (specific  conductance, 
3530  micromhos  per  centimeter). 


^53- 


^ 


e 

o> 

0»      o 

o  o 

o 

Z 

S      O 

z  z 

• 

• 

\ 

• 

\ 

\ 

1 

\ 

\ 

1 

\ 

\ 

1 

\ 
\ 
\ 

\ 

t 

\ 

I 
1 

1 
t 

\» 

\                                    1 

1 

H 

1 

1 

\ 

1 

W 

1 

\\ 

1 

\\ 

1 

' 

{ 

1 

\       \ 

1 

\ 

^ 

1 

1 

\ 

1 

\ 

\l 

1 

i 
V 
\ 

♦ 
1 

\ 

\ 
\ 

\ 

\ 
\ 
1             \ 

1 

1 
1 

«     € 

\ 

I               > 

\ 

5     t 

^ 

^                                    { 

' 

^     «" 

\ 

\                                \ 

1 

1  1 

\ 
\ 

1 

-J        «4 

\          \ 

\ 

\l 

1 

^         \ 

\ 

\ 

1 

^        \ 

\ 

\ 

1 

^       \ 

n 

\       \ 

\ 

T 

\       \ 

' • — ' — ■>" 

\ 

l\ 

\     \ 

i 

1   \ 

\> 

\ 

,    \ 

\ 

^    \ 

\  \\\ 

o 

o 
o 

CM 


c 

o 

1 
re 

o 

'% 

ir> 

■a 

■(-> 

< 

(/> 

X 

•r- 

o 

XJ 

< 

at 

C   r— 

_i 

■r-     QJ 
to    -r- 

u. 

3    4- 

o 

•t     QJ 

« 

-o  J= 

CC 

O   +J 

O 

iLl 

8 

li 

0) 

.—  -D 

_j 

OJ 

_j 

(/)   +J 

+J    O 

S 

r-      01 

fC  t— 

UJ 

to   r— 

> 

O 

0)    o 

h- 

> 

< 

•r-      i. 

+j    O) 

_i 

ra    +-> 

3 

1—     fO 

z 

=!     3 

Z) 

E 

o 

f  cu 
ound 

o 

o    u 

o 

gure  20. -Example 

g 

o 


o 

(£> 


o 


o 


© 
« 


©' 
M 


SNOiivo  3±vH3v3i  do  siN3ivAin03miw  3Aiivinwno 


■54- 


and  rates  of  dissolution  in  distilled  and  field  leach  waters.  Field 
waters  did  not  leach  salts  as  rapidly  as  did  distilled  water,  probably 
because  saturation  plateaus  were  reached.  After  one  pore  volume  of 
either  leachate  (about  300  milliliters)  had  passed,  almost  all  of  the 
available  sodium  and  about  half  the  available  magnesium  had  been 
removed.  Dissolution  of  calcium  continued  at  relatively  constant 
rates  throughout  the  tests,  and  was  about  twice  as  rapid  in  distilled 
water  as  in  field  water. 

The  rapidity  of  dissolution  of  magnesium,  sodium,  and  sulfate  in 
the  leaching  experiments  suggests  that  they  occur  in  the  spoils  as 
highly  soluble  salts;  the  simplest  possibility  is  that  they  occur  as 
magnesium  sulfate  and  as  sodium  sulfate.  Other  workers  have  hypothe- 
sized reactions  such  as  oxidation  of  pyrite,  dissolution  of  calcite, 
dolomite,  and  gypsum,  and  exchange  of  calcium  and  magnesium  for  sodium 
on  clays  to  generate  spoils  waters  containing  high  concentrations  of 
magnesium,  sodium,  and  sulfate.  These  reactions  are  probably  cor- 
rectly hypothesized,  although  they  do  not  necessarily  occur  during  the 
process  of  leaching.  The  almost  immediate  dissolution  of  high  concen- 
trations of  the  salts  from  southeastern  Montana  spoils  and  overburden 
implies  that  pyrite  oxidation  and  cation  exchange  have  probably  already 
occurred  sometime  in  the  geologic  past,  and  that  the  reaction  products 
are  presently  available  in  highly  soluble  forms. 

Leaching  experiments  conducted  on  overburden  or  spoils  provide 
some  indications  of  the  availability  of  salts  that  might  influence 
post-mining  ground-water  quality.  Such  experiments  are  expensive  and 
slow,  however,  and  would  not  be  very  practical  for  pre-mining  studies. 
An  alternative  approach  would  be  the  use  of  saturated-paste  extract 
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chemistry.  These  analyses  are  already  required  by  Montana  and  other 
western  states  during  pre-mining  planning  for  revegetation  purposes; 
application  of  the  data  to  hydrologic  studies  would  be  an  additional 
benefit. 

To  examine  the  applicability  of  saturated-paste  extract  data  for 
spoils-water-quality  predictions,  several  spoil  samples  were  submitted 
for  analysis  at  a  local  laboratory  (Northern  Testing  Laboratories, 
Billings,  Montana)  that  does  much  of  this  work  for  the  coal  industry. 
Objectives  were  to  compare  analyses  of  paste  extracts  with  those  of 
leachates,  and  to  examine  the  sensitivity  of  paste-extract  analyses  to 
differences  in  spoil -water  ratios. 

For  comparisons  with  leach  analyses,  paste-extract  analyses  were 
conducted  on  samples  that  were  split  from  spoils  tested  in  the  leach 
experiments.  Concentrations  of  major  ions  in  the  paste  extracts  were 
found  to  be  \/ery   similar  to  those  occurring  in  the  first  pore-volumes 
of  leachates.  Figure  21  is  an  example  of  the  degree  of  similarity 
that  was  found.  The  extract  and  leachate  analyses  were  very   comparable 
for  materials  from  the  Rosebud  and  Big  Sky  mines,  but  no  data  were 
obtained  from  the  poorly  permeable  Decker  spoils. 

Preparation  of  saturated  pastes  is  a  standard  technique  described 
by  the  U.S.  Salinity  Laboratory  Staff  (1954).  A  potential  variable 
between  different  laboratories  or  analysts  preparing  the  pastes  is  the 
somewhat  subjective  determination  of  saturation.  To  examine  the  sensi- 
tivity of  extract  chemistry  to  moisture  percentage,  three  samples  were 
sent  to  a  commercial  laboratory  for  preparation  and  extract-analysis 
at  saturated  levels  and  at  obviously  over-saturated  levels  (Fig.  22). 
Oversaturation  produced  lower  specific-conductance  values  than  those 
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Figure  21. -Example  comparison  of  saturated-paste-extract  quality  with 
column  leachate  quality  (one  pore  volume)  for  sample  splits  of 
Big  Sky  mine  spoils,  southeastern  Montana. 
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Figure  22. -Specific-conductance  values  for  paste  extracts  at  various 
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for  saturated  conditions.  The  differences  were  such  that  oversaturation 
by  10  percent  produced  specific-conductance  values  as  much  as  15  percent 
lower  than  those  for  saturated  conditions.  Although  extract  chemistry 
appears  sensitive  to  moisture  percentage,  the  specific  conductances  valued 
for  any  level  of  saturation  shown  on  Figure  22  would  at  least  provide  a 
general  indication  of  available  soluble  salt  that  might  influence  post- 
mining  water  quality. 

The  many  analyses  of  saturated-paste  extracts  from  Montana  mine 
areas  are  so  diverse  that  no  simple  characterization  of  salt  avail- 
ability is  likely.  It  is  not  surprising  that  spoils  waters  vary  so 
greatly  within  the  Region  and  within  a  particular  mine  area;  the 
materials  contributing  the  soluble  salts  have  an  equal  or  greater 
diversity.  Overburden  materials  contain  such  a  wide  range  of  soluble- 
salt  concentrations  that  statistical  methods  were  considered  appropriate        ^ 
to  compare  saturated-paste  data  with  observed  spoils-water  quality. 

Spoils-water  and  extract  quality  are  most  abundant  for  the  Big  Sky 
and  Decker  mines.  At  the  Big  Sky  mine,  magnesium  is  the  predominant 
cation  in  the  overburden  paste  extracts  (Fig.  23),  occurring  in  con- 
centrations over  the  wide  range  between  0.6  meq/1  (milliequivalents  per 
liter)  and  700  meq/1.  Calcium  and  sodium  also  occur  over  wide  ranges; 
lognormal  mean  concentrations  of  the  cations  are  between  3.0  meq/1  and 
10  meq/1.  At  Decker,  sodium  is  the  predominant  cation  in  the  over- 
burden, occurring  in  concentrations  between  3.5  meq/1  and  120  meq/1; 
lognormal  mean  concentration  is  10.5  meq/1.  There,  calcium  and  mag- 
nesium occur  in  wide  ranges  of  concentrations  but  lognormal  mean  values 
are  less  than  0.5  meq/1 . 

In  comparison,  observed  concentrations  of  cations  in  spoils  waters         iP 
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Figure  23. -Ranges  and  lognormal   mean  values  of  cation  concentrations  in 
saturated-paste  extracts  from  Big  Sky  and  Decker  overburden 
materials,  southeastern  Montana. 
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at  the  two  mines  fall  in  generally  narrower  ranges  than  those  in  the 
extracts,  and  lognormal  mean  values  are  2-  or  more-times  higher  (Fig.  24).      ^ 
Despite  these  differences,  the  relative  proportions  of  individual  con- 
stituents, as  reflected  by  lognormal  means,  are  ^ery   similar.  That  is, 
for  each  mine  area,  the  ratios  among  calcium,  magnesium,  and  sodium 
concentrations  in  paste  extracts  are  similar  to  those  found  in  waters 
from  the  spoils. 

Statistical  manipulation  of  the  data  (Fig.  25  and  26)  show  pre- 
dictable ranges  within  which  mean  values  would  fall,  based  upon  ide- 
alized sample  populations  with  95  percent  confidence.  Here  also,  there 
is  an  apparent  relationship  between  cations  in  paste  extracts  and  those 
in  waters  sampled  from  spoils  aquifers.  Extremes  of  the  ranges  in 
Figures  25  and  26  were  used  to  generate  a  series  of  nomographs  relating 
the  two  types  of  analytical  data  (Figs.  27,28,  and  29).  From  the 
nomographs,  ranges  of  probable  lognormal  mean  concentrations  of  calcium, 
magnesium,  and  sodium  can  be  predicted  for  spoils  waters  in  proposed 
mine  areas  where  saturated-paste-extract  analyses  have  been  conducted 
on  overburden.  At  present,  only  two  mine  areas  exist  where  spoils- 
water  quality  and  paste  analyses  are  available,  so  the  only  statis- 
tically justifiable  correlation  that  can  be  made  is  a  linear  one.  As 
more  data  become  available  from  these  and  other  mines,  the  ranges  of 
the  estimates  will  decrease  and  the  predictions  will  become  more 
precise.  From  a  predictive  point  of  view,  it  is  fortunate  that  the 
predominance  of  individual  cations  at  Big  Sky  and  at  Decker  are  \/ery 
different;  they  cover  a  wide  range  of  concentrations  that  might  be 
expected  in  spoils  waters  within  the  Region. 

Use  of  the  nomographs  is  best  illustrated  by  an  example.  Consider        ^ 
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Figure  24. -Ranges  and  lognormal  mean  values  of  cation  concentrations  in 
ground  waters  sampled  from  Big  Sky  and  Decker  mine  spoils, 
southeastern  Montana. 
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Figure  26.-N1nety-five-percent  confidence  intervals  for  mean  cation 
concentrations  in  saturated-paste  extracts  and  spoils  waters  from 
the  Decker  mine,  southeastern  Montana. 
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Figure  27. -Nomograph  relating  maximum  (upper  diagonal)  and  minimum  (lower  diagonal)  limits  of 
lognormal  mean  calcium  concentrations  in  saturated-paste  extracts  and  spoils  waters  from  the 

Big  Sky  and  Decker  mines,  southeastern  Montana. 
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Figure  28. -Nomograph  relating  maximum  (upper  diagonal)  and  minimum  (lower  diagonal)  limits  of 
lognormal  mean  magnesium  concentrations  in  saturated-paste  extracts  and  spoils  waters  from 

the  Big  Sky  and  Decker  mines,  southeastern  Montana. 
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Figure  29. -Nomograph  relating  maximum  (upper  diagonal)  and  minimum  (lower  diagonal)  limits  of 
lognormal  mean  sodium  concentrations  in  saturated-paste  extracts  and  spoils  waters  from  the 

Big  Sky  and  Decker  mines,  southeastern  Montana. 


# 


^^ 


Q 


C 


C 


-67- 


a  hypothetical  proposed  mine  area  for  which  a  total  of  200  saturated- 
paste  extract  analyses  are  available,  yielding  the  following  sample 
statistics  for  the  logs  of  concentrations  of  the  three  principal  cations: 

calcium:  mean  of  logs  =  0.300 

standard  deviation  of  logs  =  0.600 

magnesium:  mean  of  logs  =  0.400 

standard  deviation  of  logs  =  0.900 

sodium:  mean  of  logs  =  0.600 

standard  deviation  of  logs  =  0.300 

After  constructing  the  confidence  intervals  at  95  percent  by  standard 
statistical  techniques  and  finding  the  inverse  logs,  estimates  of  the 
ranges  of  population  means  for  the  paste  would  be: 

mean  of  calcium  concentrations:  1.65  meq/1  to  2.42  meq/1 
mean  of  magnesium  concentrations:  1.88  meq/1  to  3.35  meq/1 
mean  of  sodium  concentrations:  3.62  meq/1  to  4.38  meq/1 
Applying  the  range  for  calcium  concentrations  to  the  calcium  nomograph 
(Fig.  27),  find  1.65  meq/1  on  the  abcissa  (horizontal  scale),  read 
upward  to  the  lower  diagonal  and  left  to  the  ordinate  (vertical  scale) 
to  find  the  lower  limit  of  the  population  mean  for  spoils  waters  (3.65 
meq/1).  The  upper  limit  is  found  similarly  by  reading  upward  from 
2.42  meq/1  on  the  abcissa  to  the  upper  diagonal,  then  left  to  the  ordi- 
nate (11.7  meq/1).  The  same  procedures  are  followed  for  magnesium 
(Fig.  28)  and  for  sodium  (Fig.  29).  Results  would  be  the  following 
estimates  of  ranges  of  mean  concentrations  in  post-mining  ground  waters: 

calcium:  3.65  meq/1  to  11.7  meq/1 
magnesium:  4.95  meq/1  to  20.5  meq/1 
sodium:  5.85  meq/1  to  17.0  meq/1 
The  wide  ranges  of  the  estimates  are  caused  by  the  extreme  diver- 
sity that  has  been  found  in  spoils-water  quality,  by  the  small  number 
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of  water  analyses  from  each  mine,  and  by  the  95-percent-confidence  inter- 
val selected  for  prediction.  Additional  analyses  of  spoils-waters  will  . 
eaable  refinement  of  the  nomographs  toward  narrower  ranges.  They  should 
also  be  applied  to  other  mine  areas  where  paste-extract  and  spoils- 
water  quality  are  available  to  learn  if  such  correlations  are  truly  lin- 
ear. Other  shortcomings  of  the  nomographs  are  their  failure  to 
acknowledge  the  quality  of  input  waters  such  as  ground  waters  that 
enter  spoils  laterally  from  undisturbed  areas,  and  their  restriction  to 
estimates  only  of  calcium,  magnesium,  and  sodium  concentrations. 

When  attempts  were  made  in  the  study  to  adjust  spoils-water  quality 
to  compensate  for  incoming  ground  water  from  undisturbed  aquifers,  cor- 
relations with  quality  of  paste  extracts  became  unacceptably  poor.  When 
attempts  were  made  to  correlate  specific-conductance  values  of  spoils 
waters  with  those  of  paste  extracts,  the  results  were  also  unacceptable. 
In  future  overburden  analyses,  determinations  of  sulfate  content  in 
paste  extracts  would  enable  estimates  of  anion  concentrations;  chloride 
concentrations  are  usually  very  minor,  so  bicarbonate  meq/1  can  be 
approximated  by  subtracting  sulfate  meq/1  from  the  sum  of  cations. 

Although  the  nomographs  developed  in  this  study  are  indicators  of 
very  wide  ranges  of  mean  concentrations,  they  can  provide  some  insight 
into  post-mining  water  quality.  Planners  who  would  like  to  predict 
cation  concentrations  more  specifically  (but  with  zero  statistical  con- 
fidence) can  use  geometric  centerlines  on  the  nomographs  to  estimate 
mean  values. 

SUMMARY 
More  than  13.3  billion  tonnes  of  subbituminous  coal  are  present 
within  Montana's  portion  of  the  Fort  Union  Coal  Region.  Mining  of  these 
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reserves  has  been  accelerating  since  the  reopening  of  the  Rosebud  mine 
in  1968.  Subsequently  the  Big  Sky,  Decker,  and  Absaloka  mines  have  been 
opened  for  production.  Many  of  the  coal  beds  destined  for  mining  are 
also  aquifers  that  supply  ground-water  supplies  vital  to  the  area's 
agricultural  economy. 

Measurements  in  observation  wells  indicate  that  ground-water  levels 
near  the  Rosebud,  Big  Sky,  and  Absaloka  mines  have  not  changed  substan- 
tially during  mining.  Those  near  Decker  have  declined  more  than  3  meters 
within  3  kilometers  west  of  the  mine. 

As  backfilling  has  followed  coal  removal,  ground  waters  have  reen- 
tered spoils  at  the  mines.  Greatest  resaturation  has  occurred  where 
nearby  sources  of  recharge  are  available.  Near  experimental  impound- 
ments at  the  Rosebud  and  Big  Sky  mines,  saturated  thicknesses  have  been 
W        increased  by  about  5  meters  because  of  local  recharge.  Near  the  Tongue 
River  Reservoir  at  the  Decker  mine,  saturated  thickness  of  the  spoils  is 
almost  14  meters  because  of  recharge  from  the  reservoir. 

Hydraulic  conductivity,  the  capacity  to  transmit  water,  was  found 
to  be  similar  for  mine  spoils  and  for  coal  beds.  Of  17  values  deter- 
mined from  field  tests  of  spoils  near  Colstrip,  lognormal-mean  hydraulic 
conductivity  was  0.11  m/d  (meters  per  day);  values  ranged  between  0.003 
m/d  and  291  m/d.  From  six  tests  at  Decker,  lognormal-mean  hydraulic 

It 

conductivity  was  0.06  m/d;  values  ranged  from  0.003  m/d  to  12.4  m/d. 
In  comparison,  66  tests  of  undisturbed  coal-bed  aquifers  in  the  Region 
gave  a  lognormal-mean  hydraulic  conductivity  of  0.29  m/d  within  a  range 
from  0.001  m/d  to  20.7  m/d.  Most  spoils-water  flow  probably  occurs  along 
"mine-floor"  aquifers  where  a  variable  thickness  of  wasted  coal  and 
coarse  rubble  have  been  covered  by  finer-grained  materials.  Calculations 
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based  upon  water-level  reactions  to  barometric  changes  generate  yery 
low  storage-coefficient  values  (0.00001  to  0.00003)  that  are  indicative 
of  an  aquifer  confined  between  strata  of  less  permeable  materials. 
Evidence  is  \/ery   strong  that  mine  spoils  do  not  act  as  barriers  to 
ground-water  flow,  and  in  some  places  can  provide  adequate  quantities 
of  water  for  stock  or  domestic  use. 

Quality  of  spoils  waters  is  \/ery  diverse.  The  cations,  calcium, 
magnesium,  and  sodium,  and  the  anions,  sulfate  and  bicarbonate  occur 
over  a  wide  range  of  concentrations  and  ratios;  chloride  concentrations 
are  minor  compared  with  those  of  other  ions.  Sodium  and  bicarbonate 
are  generally  predominant  in  Decker  spoils  waters;  calcium,  magnesium, 
and  sulfate  are  the  principal  constituents  in  most  Colstrip-area  spoils 
waters.  The  variability  of  water  quality  in  mined  areas  is  probably 
caused  by  the  following  factors:  1)  variability  of  saturated  thick- 
nesses; 2)  insufficient  time  for  establishment  of  complete  circulation 
of  ground  water;  and,  3)  complex  distribution  of  available  salts  in  the 
spoil  materials. 

Colstrip-area  spoils  waters  are  statistically  more  highly  miner- 
alized than  regional  coal-bed  waters  and  waters  used  locally  for  stock 
and  domestic  supplies.  Decker  spoils  waters  are  not  statistically 
more  mineralized  than  the  regional  ground  waters,  but  do  contain  stat- 
istically higher  dissolved-solids  concentrations  than  do  nearby  stock 
and  domestic  supplies. 

Many  trace  elements  are  detectable  in  waters  from  the  mined  lands; 
in  most  cases  the  concentrations  are  not  alarmingly  high.  Lead  concen- 
trations that  apparently  exceed  recommended  limits  were  commonly  found 
in  the  spoils  waters  when  analyzed  by  flame  atomic  absorption  methods, 
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but  could  not  be  substantiated  by  other  analytical  methods. 

Leaching  experiments  conducted  with  spoils  produced  waters  of 
similar  quality  to  those  found  in  the  field.  Rapidity  of  dissolution 
of  magnesium,  sodium,  and  sulfate  in  the  leaching  experiments  suggests 
that  they  occur  in  overburden  and  spoils  as  highly  soluble  salts.  First 
pore  volumes  of  leachates  were  found  to  have  \/ery   similar  quality  to 
saturated-paste  extracts.  Extract  analyses  from  Big  Sky  and  Decker 
mine  overburden  were  equally  or  more  diverse  than  those  of  spoils  waters, 
but  were  generally  of  similar  chemical  types. 

Because  of  the  diversities  of  spoils-water  and  extract  qualities, 
statistical  methods  were  employed  toward  comparisons  that  might  lead  to 
use  of  extract  chemistry  for  predictions  of  spoils-water  quality. 
Nomographs  comparing  idealized  statistical  distributions  of  calcium, 
magnesium,  and  sodium  in  overburden  extracts  and  in  spoils  waters  at 
the  Big  Sky  and  Decker  mines  were  generated  during  the  study.  From 
these,  probable  ranges  of  lognormal  mean  concentrations  of  calcium, 
magnesium,  and  sodium  may  be  predicted  for  spoils  waters  at  proposed 
mines  where  saturated-paste-extract  analyses  have  been  conducted  on 
overburden.  A  similar  attempt  toward  predicting  specific  conductance 
through  statistical  correlations  did  not  appear  successful. 

The  nomographs  provide  a  \/ery   general  means  at  cation  predictions. 
Additional  data  such  as  sulfate  analyses  of  paste  extracts,  more  spoils- 
water  quality  analyses  from  the  Big  Sky  and  Decker  mines,  and  similar 
data  from  other  mines  may  allow  refinement  of  the  nomographs  toward 
greater  precision. 
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APPENDIX  A 

Sunmaries  of  Water-Level  Measurements 
in  Undisturbed  Aquifers 
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APPENDIX  B 

Suirmaries  of  Water-Level  Measurements 
in  Mine-Spoils  Aquifers 
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APPENDIX  C 

Results  of  Aquifer  Tests  Conducted 
on  Undisturbed  Coal  Beds 
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7 
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44 
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4(E 

n"CeA 
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M-c-^n 
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OS 
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1 

n 

OS 
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-.nC-?00 

1 

1? 

OS 

44L 

7"iac.~n* 

"..C-?oC 

1 

1? 

OS 

4  4t 

aj.)ii  J? 

-.C-"- 

10 

4 

OS 

44£ 

«"■)(! -J 

-4C-1° 

M 

■sO 
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4  4-.' 

?3A-.-.C 

w--:.o 

? 

f.0 

ON 

Hun 

?1«-.C-01 

....-3S 

? 

50 

-', 

.^4  ^ 

JS^-.C-T 

R^-4.. 

f 

?0 

1.83 
.030 
.001 
.020 
.006 
.0«0 
,006 
.060 
.SHO 
?0.7 
.060 
.  730 
.;40 

.o^o 

.700 
.360 
.3R0 
.900 

1.54 
.030 
.350 
.260 
.450 
.940 
.110 
.520 

1.10 
,230 
.250 
.150 
.320 
.150 
.990 
14.5 
.060 
.070 

1.33 
,470 

2.20 

R.06 

4.5R 
.140 
.310 
.320 
.R?0 

1.25 
.490 

2.47 
.  160 
.270 
.540 


.250 
1  .47 
5.2H 
.065 
.017 
.130 
.  120 
.110 
.110 
1.93 
.R50 
,110 
,150 
,260 


TES 
YES 
TES 
YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 

Nn 

YES 

YES 

YF5 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YFS 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

Yf  S 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NO 
NO 
NO 

YES 
YES 
YES 
YES 
YCS 


SINGLE  iTLL  /  RAILED  nECOVEKY 
SINGLE  HELL  /  RAILES  RECOVERY 
SINGLE  «ELL  /  OSAaOOi/N 
SINGLE  HELL  /  POAMOOUN 
SINGLE  XELL  /  O'AUDOKN 
SINGLE  HELL  /  D»«H00aN 
SINGLE  H€LL  /  DOAUOOXN 
SINGLE  «IELL  /  OAILEB  OECOVESY 
SINGLE  XFLL  /  RAILES  OECOVERY 
SINGLE  "ELL  /  0=IAW.  anO  "ECOV. 
SINGLE  XELL  /  09A«.  ANO  BECOV. 
SINGLE  KFLL  /  D'AK.  ANO  OECOW. 
SINGLE  "ELL  /  RAIlER  PECOVERY 
SINGLE  JELL  /  BAILER  RECOVERY 
SINGLE  HELL  /  DRAH.  ANO  RECOV. 

DRAW.  AND  RECOV. 

DRAW.  ANO  RECOV. 

ORAHOOKN 

DRAK.    ANt>   RECOV. 

ORAK.  AND  RECOV. 

DRAW.  ANO  RECOV. 

ORAM.  AND  RECOV, 

ORAU.  ANO  RECOV. 

ORAM.  ANO  RECOV, 

DRAW.  ANO  RECOV. 

DRAW.  AND  RECOV. 

DRAW.  ANO  RECOV. 

DRAWDOWN 

DRAW.  ANO  RECOV. 

DRAWDOWN 


SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SRECIfIC  CaOACITY 
SRECIFIC  CAPACITY 
SINGLE  WELL  /  DRAW. 
SPECIFIC  CAPACITY 
SINGLE  WELL  /  DRAW. 
SINGLE  WELL  /  DRAW. 


AND  RECOV. 


SINGLE  WELL  ,/  ORAWOOwN 


AND  RECOV. 
ANO  RECOV. 


SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 
SINGLE  WELL 


DRAWDOWN 

DRAWDOWN 

DRAW.  AND  RECOV. 

DRAW.  ANO  RECOV. 

DRAWDOWN 

DRAWDOWN 

DRAWDOWN 

DRAWDOWN 


SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  /  =iAILER  RECOVERY 

SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  /  DPAWDOWN 

SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  /  DRAW.  AND  RECOV. 

SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  /  DRAW.  AND  RECDV. 

SINGLE  WELL  /  DRAW.  AND  RECOV. 

SINGLE  WELL  /  DRAWDOWN 

SINGLE  WELL  I    DRAW.  AND  RECOV, 

DRAW.  AviD  RECOV,  WITH  OeSERVATION  WELLI5) 

08SERVATIDN  WELL  /  QPAW.  AND  RECOV, 

naSERVAIION  WELL  /  DRAW.  AND  RECDV. 

OgSEt^VATTON  WELL  /  DPAH,  AND  RECOV. 

SINGLE  WELL  '    DRAW.  AND  RECOV. 

OTHER 

SINGLE  WELL  /  DPAW.  AND  RECOV. 

SINGLE  WELL  /  DRAW.  AND  RECOV. 

SINGLE  WELL  /  DRAWDOWN 


^ 
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APPENDIX  D 

Concentrations  of  Major  Chemical 
Constituents  in  Spoils  Waters 


STATIC 

LAND 

OBSERVATION 

WELL 

MATEB 

SURFACE 

WELL 

DEPTH 

LEVEL 

ALTITUDE 

DATE 

TEMPER- 

CALCION 

HA6NESIUN 

SOOIUH 

rat  ASS  I  ut* 

IRON 

MANGANESE 

SILICA 

LOCATION 

DESIGNATION 

<METERS» 

(METERS) 

(METERSl 

SAMPLED 

ATURE  (C» 

(CAI 

(MG) 

(NAl 

(K) 

(FEI 

(>^) 

(SI021 

2N  *1E 

340n«D 

W-? 

«.? 

7.25 

993. 

3-23-73 

481. 

749. 

23. 

11.1 

.30 

4.7g  . 

36.4 

2U    41E 

35HC0R 

H-3 

T.O 

5.66 

993. 

3-23-73 

347. 

2sa. 

52. 

14,6 

.40 

,32 

51.3 

2N  41E 

3^CBA« 

H-5 

17.1 

11.89 

999. 

3-23-73 

38«. 

477. 

81. 

13.5 

1.19 

5,§t 

40.6 

IN  37E 

g^iBCPD 

SS-l 

39.3 

32.92 

1090. 

2-  7-78 

13. e 

199. 

119. 

237. 

11.0 

.03 

.21 

10.3 

IN  41E 

IBCSB  1 

s-10 

11.6 

11.03 

991. 

3-30-78 

14,0 

580. 

358. 

109. 

13.1 

.80 

.91 

22.9 

IN  *IE 

100«C  2 

S-9<? 

fl.2 

6.77 

989. 

3-30-78 

12,0 

404. 

318. 

83. 

6.9 

.02 

.02 

16.5 

IN  41E 

3«*B8 

H-4 

9„« 

995. 

7-20-77 

15.0 

318. 

254. 

53. 

19.4 

.39 

1.33 

13.9 

IN  41E 

3AAHB 

K-4 

9,B 

6.29 

995, 

n-18-76 

U.S 

436. 

400. 

85. 

17.7 

.02 

1.44 

13.5 

IN  ♦!£ 

3«»PB 

W-4 

».« 

7.37 

99S. 

6-  3-76 

14.0 

399. 

396. 

77. 

15.5 

.07 

,95 

13.2 

IN  4,ie 

34ABB 

W-» 

9.(1 

7.40 

995. 

4-  6-76 

12,5 

315. 

307, 

63. 

15.8 

1.29 

,06 

11.3 

IN  AlE 

3A^Be 

W-4 

«.« 

7.43 

995. 

1-12-76 

10,0 

357. 

347. 

70. 

19.5 

.03 

,86 

13.3 

IN  41E 

3*SBR 

W-4 

«.» 

7.99 

995. 

10-  1-75 

2ft5. 

282. 

6S. 

20.0 

.48 

.64 

13.6 

IN  41E 

3ftABR 

W-4 

B.? 

7.77 

993. 

5-23-74 

11,5 

497. 

731. 

170. 

15.8 

.03 

,37 

14,0 

IN  *1E 

3AARB 

H-4 

■».« 

T.99 

995. 

3-23-73 

333. 

317. 

S3. 

12.0 

.13 

2.20 

44.9 

IN  «ie 

?aDA4 

BS-40 

1R.3 

14.87 

1006. 

3-28-78 

13,0 

95. 

168. 

65. 

5.0 

.03 

,34 

15.6 

IN  41E 

??Da» 

BS-40 

IB. 3 

1006. 

10-19-77 

14,0 

125, 

173. 

59. 

5.8 

.04 

.04 

15.4 

IN  *1E 

P7ARCC  3 

BS-2? 

17.7 

15.42 

1000. 

3-28-78 

11,5 

440. 

711, 

730. 

11.6 

.06 

2.48 

15.1 

IN  *IE 

27ABCC  3 

BS-?? 

17.7 

15.92 

999. 

7-21-77 

12,0 

440. 

690. 

746. 

11.9 

.06 

2.56 

13.0 

in    *1E 

?7«RCC  3 

B5-22 

!7.7 

15.5! 

loon. 

2-19-77 

11,0 

388. 

675, 

780. 

12,4 

.08 

1.52 

12,5 

IN  *1E 

27ABCC  3 

B5-22 

S7.7 

15.56 

1000. 

6-  4-76 

11.5 

454. 

686. 

790. 

12.5 

.02 

1,95 

11.2 

IN  *1E 

27ABCC  3 

BS-22 

17.7 

15.39 

1000. 

4-  5-76 

12.0 

430. 

725. 

813, 

12.0 

.77 

2,84 

11.0 

IN  «1E 

P7ACCC 

RS-37 

19.5 

15.42 

995. 

3-28-78 

10.0 

460. 

692. 

420. 

21.2 

.07 

5,65 

15.0 

IN  «1E 

?7snCA 

BS-36 

IS.fl 

14.08 

992. 

3-28-78 

12.5 

568, 

606, 

127, 

22.8 

.10 

6,90 

17.2 

IN  41E 

27ADCC 

flS-3S 

?4.4 

9.45 

992. 

3-28-78 

12.0 

412. 

326. 

156. 

14.5 

,0S 

,83 

13.7 

IN  41E 

a7eADC  ? 

B5-1R 

32.6 

23.16 

lOOB. 

3-28-78 

14.0 

310. 

300. 

200. 

11.5 

,04 

.47 

14.8 

IN  41E 

27BAOC  3 

RS-19 

23. B 

15.45 

1002. 

3-28-78 

14,0 

3T2. 

494. 

204. 

21.4 

,04 

.66 

13.4 

1 

IN  *1E 

27BAr)C  3 

RS-19 

22.6 

16.01 

1002. 

7-21-77 

14.5 

332. 

472. 

225, 

19.0 

,05 

1.27 

14.0 

CO 

1 

IN  «1E 

27flADC  3 

PS-)9 

23. H 

16.77 

1002. 

4-  5-76 

14.5 

383. 

455. 

182. 

22.0 

.05 

1.57 

13.0 

IN  *1E 

27DABB  2 

BS-29 

43.9 

16.43 

99B. 

3-2n-78 

12.5 

366. 

326. 

122. 

17.6 

.21 

1.18 

20.0 

IN  «,ie 

27DACA 

TW-01 

22.9 

15.24 

993. 

3-28-78 

11.0 

390. 

350. 

146. 

16,2 

.03 

1.71 

11.4 

IN  41E 

270ACA 

TW-1 

22.9 

17.16 

993, 

4-13-76 

10.5 

405. 

358. 

116. 

16.0 

.03 

1.56 

9.6 

IN  *1E 

270ADC 

BS-34 

21.3 

11.40 

991. 

3-28-78 

13.0 

344. 

382. 

131. 

14.1 

.08 

.55 

15.0 

IN  4!E 

270A0C 

85-34 

21.3 

12.45 

991. 

7-21-77 

13.5 

368. 

400. 

127. 

14.5 

.02 

.50 

12.4 

IN  41E 

270B40 

85-27 

26.8 

13.11 

995, 

3-28-78 

12.5 

320, 

336, 

119. 

17,5 

.03 

.71 

12.6 

IN  '.IE 

27DBA0 

85-27 

26. B 

14.79 

995. 

2-  4-77 

13.0 

335. 

314. 

122. 

17,2 

.32 

.65 

10,1 

IN  41E 

27riBDA 

BS-3« 

25.6 

15.42 

997, 

3-28-78 

13.0 

358. 

330, 

123. 

21.0 

.03 

1.38 

9,7 

IN  41E 

27DBDC 

BS-28 

32.3 

15.85 

998. 

3-28-78 

11,0 

312. 

300, 

113. 

16.0 

.03 

1.03 

10.7 

IN  *1E 

270BDC 

RS-2R 

32.3 

16.93 

99H. 

7-21-77 

11,5 

334. 

312. 

115. 

16.5 

.24 

.92 

9.B 

IN  lt\Z 

27DBDC 

B5-28 

32.3 

17.64 

99B. 

2-  3-77 

9.0 

304. 

306. 

113. 

14,9 

.38 

.61 

10.2 

IN  41E 

27DBDC 

B5-28 

32.3 

19.17 

998. 

11-19-76 

10.0 

320. 

302. 

108. 

13.4 

.03 

.54 

9,8 

IN  »1E 

27D0PC 

B5-33 

30.5 

13.78 

997. 

3-28-78 

12.0 

370. 

342. 

138. 

15.5 

.03 

1.06 

11.8 

IN  *2E 

17RD0C 

5-02 

15. fl 

10.23 

983, 

3-30-78 

11.5 

260. 

276. 

35. 

6.2 

.03 

2.07 

22.5 

IN  *?E 

17B0nC 

5-2 

15.8 

10.46 

983. 

7-20-77 

12.0 

266, 

270. 

36, 

6.7 

.05 

1.96 

19.8 

IN  42E 

17B00C 

S-2 

15.8 

10.52 

983. 

4-  7-77 

12.0 

277. 

266. 

36. 

6.8 

.03 

1.27 

18,7 

IN  t,?E 

17B00C 

S-2 

15. fl 

10,56 

983, 

11-18-76 

11.0 

280, 

278, 

37. 

7.1 

.03 

1.92 

16,9 

IN  4aE 

17B0OC 

5-2 

IS.fl 

10.58 

983. 

8-17-76 

12.0 

290. 

27R. 

37. 

7,2 

.02 

,02 

17,5 

IN  42E 

17B0DC 

S-  2 

15. fl 

10.61 

983. 

6-  3-76 

12.0 

262. 

239. 

33. 

6.6 

.03 

1.47 

16,3 

IN  taE 

17R00C 

S-  2 

15.8 

10.66 

983. 

4-  4-76 

15.0 

216, 

250. 

35. 

6.5 

.03 

1.57 

18,1 

IN  48E 

178DDC 

S-  2 

15.fl 

10.63 

983. 

3-17-76 

12.0 

289. 

296. 

37. 

6.6 

.06 

.59 

17.5 

IN  42E 

i7aooc 

5-  2 

15.8 

10,67 

983. 

1-12-76 

10.0 

296. 

274. 

37, 

6.5 

.02 

.84 

17.8 

IN  4aE 

17B0DC 

S-  2 

15. S 

10.70 

983. 

9-30-75 

299. 

269. 

37. 

7.0 

.15 

1.00 

16.2 

IN  *2E 

17B0DC 

S-  2 

15.8 

11.08 

983. 

4-10-75 

10.0 

193. 

229. 

32. 

6.2 

,01 

.03 

17.3 

IN  42E 

17B0DC 

S-  2 

15, B 

11.05 

9B3. 

2-    4-75 

10.0 

216. 

212. 

33. 

6.1 

<   .01 

.15 

15.6 

IN  42E 

17BDDC 

S-  2 

15.8 

11.15 

983. 

6-  6-74 

221. 

218. 

32. 

6.2 

«   .01 

.16 

19.3 

IN  42E 

17BDDC 

S-  2 

15.8 

11.07 

983. 

2-  4-74 

176. 

232. 

34. 

5.5 

<   .01 

.07 

17.2 

IN  42E 

J7B00C 

S-  2 

15.8 

10.97 

983. 

9-25-73 

208. 

238. 

34. 

6.2 

.18 

.75 

17.6 

•NOTE" 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  IMG/LI  EXCEPT  AS  NOTED. 


Analyses   continued  on  following  page 
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DISSOLVeO 

SODIUM 

spec  IF ic 

SOLIDS 

AOSORPTIOM 

CONDUCTANCE 

PH 

BICARBONATE 

CARR&NATE 

SULFATE 

CHLORIDE 

FLUORIDE 

NITRATE 

CALC.  AS 

RATIO 

(MICR0MH05 

(LABORA 

-   CONTRIBUTING 

LOCUTION 

<HCn3l 

(C"'3) 

IS04» 

(CD 

(Fl 

(N03  AS  N) 

RESIOUFl 

(S,A.R.) 

*T  25  C) 

TORY) 

AQUIFER 

2N  *1E 

3400*0 

6>»7. 

0. 

3640. 

3.2 

.2 

<   .02 

5291. 

.2 

4860. 

7.32 

wsepoo 

SPOILS 

?N  *1F 

3^RC0R 

500. 

0. 

1650. 

11.5 

.1 

.03 

2654. 

.5 

2848. 

7.19 

HOSC8U0 

SPOILS 

2N  *1F 

3'^CR4A 

<>73. 

0. 

2212, 

11.9 

.1 

.06 

3701. 

.T 

3860. 

7.04 

ROSEBUD 

SPOILS 

IN  37E 

2SflCPn 

fc'J7. 

n. 

910. 

11.5 

.1 

.03 

18*1. 

3.3 

2386. 

7.38 

SARPY  SPOILS 

IN  4  1t' 

IBCAH  1 

590. 

n. 

2569. 

10.0 

<   .1 

.27 

3959. 

.9 

4077. 

6.67 

ROSEBUD 

SPOILS 

IN  *1E 

lOOiC  ? 

440. 

0. 

2036. 

10.0 

.1 

8.25 

3099. 

.7 

3399. 

6.73 

ROSEBUO 

SPOILS 

IN  41E 

3A«flH 

ftfl4  . 

0. 

1324. 

33.0 

»3 

.42 

2354. 

.5 

2805. 

7.04 

BOSESOD 

SPOILS 

IN  4JE 

3AARR 

fl34. 

n. 

2095. 

55.0 

.2 

.55 

3514. 

.7 

3865. 

7.65 

««3SEBU0 

SPOILS 

IN  41E 

3AARB 

7:3. 

0. 

2100, 

33.4 

.1 

.07 

33R7, 

,7 

3801. 

7.06 

ROSEBUD 

SPOILS 

IN  <.1E 

3AAPR 

6<)7. 

0. 

1517. 

22.1 

.2 

1.24 

2597. 

.6 

3315. 

7.88 

ROSEBUD 

SPOILS 

IN  41E 

3AtRR 

91ft. 

0. 

1491  , 

27.8 

.2 

2.55 

2780. 

.« 

3056. 

7.28 

•OSEBUD 

SPOILS 

;N  41E 

3AARR 

B17. 

0. 

1226. 

16.8 

.2 

11.91 

2324. 

,7 

2937. 

7.94 

ROSEBUD 

SPOILS 

IN  41E 

lAARP 

62*^. 

0. 

3860. 

49.5 

.3 

.09 

5645. 

1.1 

5736. 

7.35 

aOSEBL>0 

SPOIL"^ 

IN  41  E 

3AARR 

629. 

Oo 

1668. 

13.6 

.1 

.99 

2759. 

.5 

2994. 

6.94 

ROSEBUD 

SPOILS 

IN  41E 

??DA« 

S17. 

0. 

614, 

10.0 

.4 

2.35 

1229. 

.9 

1698. 

7.25 

»0-«»CK 

SPOILS 

IN  4)E 

??DAA 

47S. 

0. 

731. 

8.5 

.4 

1.92 

1354. 

.8 

1776. 

7.65 

BIS  SKY 

SPOILS 

IN  41E 

27ARCC  3 

723. 

0. 

4712, 

73.0 

.3 

1.18 

7052. 

5.0 

7025. 

7.00 

ROSEBUD 

SPOILS 

)N  41E 

27aHrc  3 

673. 

0. 

4562. 

66.0 

.3 

.36 

6853. 

5.2 

7119. 

7.09 

PIG  SKY 

SPOILS 

IN  41E 

274RCC  3 

519. 

0. 

4714. 

71.0 

.4 

1.63 

6912. 

5.5 

7069. 

8.05 

S16  SKT 

SPOILS 

IN  41E 

?74RrC  3 

63ft. 

0. 

4883. 

68,0 

.2 

.04 

7221. 

5.5 

7491. 

6.83 

PI6  SKY 

SPOILS 

IN  41E 

?7ARCC  3 

639. 

0. 

4787. 

75,0 

.2 

.04 

7171, 

5.6 

7480. 

7.55 

BI6  SKY 

SPOILS 

IN  4]E 

27Arrr 

720. 

0. 

4135. 

37,0 

.3 

.03 

6140. 

2.9 

6128. 

7.09 

ROSEBUD 

SPOILS 

IN  41E 

?7AnCA 

15fl7. 

D. 

2869. 

15,0 

.2 

.05 

5013. 

.9 

5109. 

6.72 

RO-HCK  SPOILS 

IN  41E 

?7Aocr 

774. 

0. 

204H. 

14.0 

.1 

.03 

3366. 

1.4 

3750. 

6.96 

RO_i«CK  SPOILS 

IN  41E 

27RAnC  ? 

7B3. 

0. 

1725. 

10.0 

.2 

.04 

2957. 

1.9 

3344. 

7.22 

ROSEBUD 

SPOILS 

IN  41E 

27BA0C  3 

7fl7. 

0. 

2624. 

23.0 

.2 

5.42 

4145. 

1,6 

4296. 

7.03 

ROSEBUD 

SPOILS 

IN  41E 

27RAnC  3 

741. 

0. 

2272. 

57.0 

.1 

♦  4.05 

3801. 

1.9 

4341. 

7.24 

RIG  SKY 

SPOILS 

IN  AlE 

2rflAnc  3 

727. 

0. 

2421. 

28.4 

.2 

14.53 

3878. 

l.S 

4394. 

7.66 

BIG  SKY 

SPOILS 

IN  41E 

27nAPB  ? 

fl27. 

0. 

1794. 

32.0 

.2 

.03 

3086. 

1.1 

3445. 

7.03 

RO-XCK  SPOILS 

1 

IN  41E 

270AC4 

8ns. 

0. 

2026. 

20.0 

.2 

l.*2 

3359. 

1.3 

3719. 

6.84 

ROSEBLm 

SPOILS 

CO 

IN  41E 

?7DACA 

fl59. 

0. 

1962, 

27.3 

.1 

.02 

3318. 

1.0 

3767. 

7.75 

PIG  SKY 

SPOILS 

CJ1 

IN  4  IE 

^''D^nc 

S66. 

0. 

1937. 

15.0 

<   .1 

.04 

3265. 

1.2 

3687. 

7.05 

ROSEBUD 

SPOILS 

1 

IN  41E 

?7n4nc 

fl7S. 

0. 

1984. 

17.0 

<   .1 

.30 

3354. 

1.1 

3718. 

7.08 

PIG  SKY 

SPOILS 

IN  41E 

27DRA0 

759. 

0. 

1761. 

20.0 

.1 

.15 

2960. 

1.1 

3369. 

7.04 

ROSEBUD 

SPOILS 

IN  41E 

?70BAD 

771. 

0. 

1694. 

15.0 

.1 

<   .02 

2887. 

1.2 

3394. 

7.64 

BIG  SKY 

SPOILS 

IN  41E 

270RDa 

779. 

0. 

1825. 

17.0 

.2 

3.03 

3071. 

Ul 

3478. 

6.90 

RO-'«C«  SPOILS 

IN  41E 

P7DR0C 

69fl. 

0. 

1629, 

13.0 

.2 

.10 

2738. 

1.1 

31B3. 

6.91 

ROSEBUD 

SPOIL? 

IN  41E 

27DRnC 

75?. 

0. 

1640. 

48, n 

.1 

.03 

2846. 

i.l 

3246. 

7.09 

BIS  SKY 

SPOILS 

IN  41E 

270R0C 

767. 

0. 

1600. 

23.0 

.5 

<   .02 

2750. 

i.l 

'  3267. 

7.75 

ei5  SKY 

SPOILS 

1 

IN  41E 

27DRDC 

75R. 

0. 

1536. 

46.0 

.1 

.03 

2709. 

1.0 

3228. 

7.42 

PIG  SKY 

SPOILS 

IN  41E 

27nnPC 

791. 

0, 

1918. 

15.0 

.1 

.03 

3200. 

1.2 

3652. 

6.93 

ROSEBUD 

SPOILS 

IN  4?E 

I7Rn0C 

939. 

0. 

1037. 

11.0 

.2 

.15 

2112. 

.4 

2580. 

7.11 

ROSEBUD 

SPOILS 

IN  4?E 

I7RD0C 

939, 

0. 

999. 

41.0 

.1 

.07 

2102. 

.4 

2545. 

7.04 

ROSEBUD 

SPOILS 

IN  42E 

I7B00C 

909, 

0. 

1021. 

52.0 

.1 

.40 

2126. 

,4 

1597, 

7.44 

ROSEBUD 

SPOILS 

IN  4?E 

1 7BD0C 

869. 

0. 

1158. 

9.0 

.1 

.03 

2215, 

,4 

2700. 

7.51 

ROSEBUD 

SPOILS 

IN  4?E 

1 7HnDC 

R49. 

0. 

1172. 

10.0 

.1 

.70 

2230. 

.4 

2706. 

7.42 

ROSEBUD 

SPOILS 

IN  42E 

17RDnC 

625. 

0. 

995. 

13.0 

.1 

.05 

1973. 

,4 

2130. 

7.21 

ROSEBUD 

SPOILS 

IN  42E 

17RDDC 

861. 

0. 

882. 

8.6 

.1 

.09 

1841. 

.4 

2526. 

7.57 

ROSEBUD 

SPOILS 

IN  4?E 

17BDPC 

815. 

0. 

1277. 

7.8 

.1 

.31 

2332, 

.4 

2603. 

7.41 

ROSEBUD 

SPOILS 

IN  4?E 

17BDDC 

819. 

0. 

1159. 

7.9 

.1 

.07 

2201. 

.4 

2635. 

7.16 

ROSEBUD 

SPOILS 

IN  4aE 

17B0DC 

806. 

0. 

1255. 

6.8 

.1 

<   .02 

2287. 

.4 

2662. 

7.58 

ROSEBUD 

SPOILS 

IN  42E 

17RnDC 

749. 

0. 

847. 

9.2 

<   .1 

.38 

1703. 

.* 

2251. 

7.53 

ROSEBUD 

SPOILS 

IN  4?E 

17RD0C 

729. 

0. 

83S. 

7.5 

<   .1 

.27 

1687. 

,4 

2213. 

7.55 

ROSEBUD 

SPOILS 

IN  4JE 

17B0DC 

73fl. 

0. 

874, 

10.0 

<   .1 

.27 

1743. 

.4 

2260. 

7.63 

ROSEBUD 

SPOILS 

IN  42E 

17BDDC 

ftOI. 

0. 

935. 

7.4 

<         el 

.27 

1T03, 

,4 

2173. 

7.79 

ROSEBUD 

SPOILS 

IN  42E 

17B00C 

618. 

0. 

1060. 

7.0 

<    .1 

.34 

1876. 

.4 

2300. 

7.61 

ROSEBUD 

SPOILS 

•NOTE" 

INDICATED  C0NCENTB4TI0NS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED, 


Analyses  continued   from  preceding  page 


STATIC 

LAND 

OBSERVATION 

«ELL 

H«TER 

SURFACE 

WELL 

DEPTH 

LEVEL 

ALTITUDE 

DATE 

TEtWER- 

CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

SILIC* 

LOCATION 

DESIGNATION 

(METERS! 

(METERS) 

(METERS) 

SAMPLED 

*TURE(C> 

(CA) 

IMG) 

IN«) 

IK) 

IFE! 

IMN) 

ISI02) 

IN  ♦JE 

lAAiaB 

S-01 

14.6 

12.59 

987. 

3-30-78 

13.0 

410. 

312. 

63. 

7.5 

.03 

.46 

IT. 3 

IN  *aE 

leiAAfl 

S-1 

14. A 

13.94 

988. 

7-20-77 

13.5 

400, 

30ft. 

62. 

8.4 

.04 

.71 

15.6 

IN  *aE 

1H«&«B 

S-1 

14.6 

12.73 

988. 

4-  7-77 

13.0 

3S0. 

29*. 

61. 

8.3 

.04 

.53 

15.0 

IN  *2E 

IflAAAB 

S-1 

14.6 

12.66 

987. 

11-18-76 

12.5 

376, 

292. 

61. 

0.1 

.09 

.71 

14.1 

IN  ♦aE 

lOAAAB 

5-  I 

14.6 

12. 6R 

988. 

6-  3-76 

14.0 

360. 

248, 

56. 

7.8 

.03 

.80 

13.1 

IN  *aE 

IflAAAR 

5-  1 

14.6 

12.64 

988, 

4-  4-76 

12.5 

347. 

268. 

62. 

7.6 

.10 

.92 

15.0 

IN  *2E 

IBAAAB 

5-  I 

14. iS 

12.64 

988. 

3-17-76 

13.0 

320, 

270. 

59. 

7.8 

.01 

.78 

14.7 

IN  ♦2E 

18AAAB 

S-  ! 

14.6 

12.63 

988. 

1-12-76 

U.5 

352. 

282. 

57. 

T.7 

.02 

.67 

15.1 

IN  42E 

1FIAAA8 

S-  1 

14.6 

12.44 

988. 

9-30-75 

400. 

32*. 

59. 

8.4 

.43 

1.18 

15.2 

IN  *2E 

1SAAA8 

S-  1 

14.6 

12.38 

988. 

4-10-75 

11,5 

360, 

289. 

52. 

S.6 

.02 

,02 

14.7 

IN  *2E 

IRAAAS 

5-  I 

14.6 

12.77 

988. 

2-    4-75 

11.0 

283. 

2R8. 

58. 

8.1 

.01 

.01 

12.2 

IN  *2E 

IflAAAB 

5-  I 

14.6 

12.80 

988. 

6-  6-74 

366. 

283. 

57. 

8.1 

.02 

.40 

16.1 

IN  *?E 

IRAAAR 

5-  1 

14.6 

12.80 

988. 

5-23-74 

14.0 

373. 

319. 

59, 

7.9 

.0! 

.04 

16.2 

IN  *2E 

IRAAAR 

5-  1 

14.6 

12. 7B 

988. 

2-  4-74 

Z50. 

261, 

57. 

7.8 

.04 

.03 

16.2 

IN  42E 

IRAAAB 

5-  1 

14.6 

12.72 

988. 

9-25-73 

317. 

269. 

60. 

8.8 

3.00 

J.OS 

17.0 

IN  *?E 

inOAAB 

EPA-12 

10. i 

S.50 

978. 

3-30-78 

11.0 

160. 

123, 

40. 

4.9 

.01 

.01 

23.1 

IN  «?E 

IftDAAC 

EPA-10 

9.4 

5.28 

978. 

3-30-78 

10.0 

380. 

190, 

31. 

6.6 

.02 

.20 

15.2 

IN  ♦?£ 

IROAAO 

EPA-3 

fl.5 

3.72 

976. 

2-  3-77 

10. 0 

130. 

142. 

20. 

8.9 

.02 

«   .01 

13.0 

IN  *3E 

IROAAD 

EPA-3 

B.5 

4.25 

976. 

4-14-76 

9.3 

168. 

162. 

23. 

8.7 

.03 

.35 

10.9 

<JS  *0E 

9nctB 

2 

05-5B 

42. T 

26.11 

1068. 

4-  4-78 

13.2 

8. 

4. 

468, 

5.3 

.21 

.08 

11.0 

9S  *0E 

9DCAB 

2 

05-5B 

42.7 

26.09 

1068. 

7-22-77 

14.0 

7, 

4. 

414. 

6.0 

.32 

.04 

16.3 

95  «0E 

90r4B 

a 

05-58 

42.7 

25.60 

1068, 

4-15-77 

13.5 

6, 

3. 

446. 

4,8 

.43 

.05 

13.7 

9S  *0E 

9DCAB 

2 

D5-5fl 

42.7 

26.86 

1068. 

7-15-76 

14.0 

6, 

4. 

504. 

6.6 

.44 

.01 

13.9 

9S  4nE 

9DCAB 

3 

D5-5C 

2B.3 

26.23 

1068. 

4-  4-78 

"  13,0 

93. 

36. 

287. 

11.5 

1.90 

1.45 

10.2 

95  4nE 

90CA8 

3 

0S-5C 

28.3 

26.63 

1068. 

4-12-77 

13.5 

38, 

35. 

800, 

15.6 

.14 

.71 

8.2 

95  ♦OE 

ISCACO 

DS-3 

13.7 

10.71 

1047. 

4-  4-78 

11.0 

498. 

343. 

14S5. 

54.0 

.04 

1.50 

32.0 

00 

95  tOE 

15C4C0 

OS-3 

20.4 

8. 98 

1047. 

7-22-77 

10.0 

520, 

326. 

1450. 

52.0 

.05 

I. 11 

28.9 

Ol 

95  40E 

15CACD 

05-3 

20.4 

10.99 

1047. 

4-12-77 

10,0 

378, 

260. 

1180. 

58.0 

.05 

.39 

30,4 

1 

95  *0E 

15C4C0 

05-3 

19.2 

17.77 

1047. 

7-15-76 

15.8 

168. 

131. 

1445. 

32.0 

.02 

.39 

10.6 

95  *0E 

15CHDA 

05-4 

20.4 

12.78 

1047. 

4-  4-78 

8.5 

14. 

11. 

584. 

6.5 

.03 

.54 

14.3 

95  *0E 

15CBDA 

05-4 

20.4 

13.60 

1047. 

7-22-77 

8.5 

18. 

14. 

613. 

7.4 

.24 

.20 

16.2 

95  *0E 

15CBDA 

05-4 

20.4 

16.15 

1047. 

4-11-77 

7.5 

11. 

15. 

522. 

8.2 

.01 

<   .01 

12.4 

95  *0E 

ISCBOS 

DS-4 

20.4 

17.16 

1047. 

7-15-76 

7.0 

13, 

18. 

496. 

8.0 

.21 

.09 

10.0 

9S  *t1E 

15C0BC 

1 

05-lA 

26.8 

24.20 

1054. 

3-24-76 

15.4 

72. 

56. 

1090. 

17.4 

.22 

.01 

9.4 

95  40E 

I'iCOBC 

1 

D5-1A 

26. fl 

24.41 

1054. 

1-  6-76 

8.0 

66, 

70, 

1135. 

17. B 

.0^ 

.59 

11.3 

95  tOE 

15C0BC 

I 

D5-1A 

26. B 

25.05 

1054. 

10-  2-75 

66. 

en. 

1068. 

18.5 

.26 

1.34 

12.4 

95  *0E 

nCDBC 

1 

05-lA 

26. n 

25.80 

1054. 

5-  2-75 

10.0 

67. 

66. 

995. 

15.9 

.05 

.32 

12.6 

95  *0E 

15CDBC 

2 

05-18 

29.0 

21.95 

1054. 

11-20-76 

12.0 

43. 

34. 

960. 

15.3 

.03 

.16 

7.9 

95  40E 

15CDRC 

2 

OS-IB 

29.0 

23.74 

1054. 

6-  4-76 

13.5 

53. 

42. 

985, 

16,4 

.01 

.18 

8.3 

95  40E 

ISCDBC 

2 

05-lB 

29.0 

23.83 

1054. 

4-13-76 

14.5 

76. 

34. 

1440. 

14,2 

.90 

.17 

18.2 

95  *0E 

15CDPC 

2 

DS-IB 

29.0 

24.54 

1054. 

12-  3-75 

12.5 

51. 

39. 

985. 

16.2 

.09 

.19 

8.3 

95  40E 

15CDBC 

2 

OS-IB 

29.0 

24.64 

1054. 

10-  2-75 

49. 

35. 

1075. 

17.1 

.41 

.16 

7.7 

95  *0E 

ISCOBC 

2 

OS-IB 

29.0 

25.48 

1054. 

5-  2-75 

13.0 

202. 

63. 

1640. 

16,1 

.23 

.74 

20.3 

95  40E 

15CDBC 

3 

0S-7A 

25.6 

16.06 

1054. 

4-  4-78 

10.5 

33. 

21. 

702. 

11.4 

<   .01 

.13 

iO.2 

95  40E 

15C0BC 

4 

0S-7B 

2B.0 

15.97 

1054. 

4-  4-78 

10.5 

54. 

44. 

905. 

13.3 

.02 

.24 

14.1 

95  40E 

ISOBCC 

2 

0S-2B 

22.6 

5. 84 

1045. 

4-  4-78 

12.5 

25. 

22. 

436. 

10.0 

.07 

.09 

11,3 

95  4  0E 

150RCC 

2 

D5-2R 

22.6 

5.64 

1045. 

4-12-77 

12.5 

14, 

9. 

448. 

7.6 

.40 

.08 

19.9 

95  4  0E 

15DBCC 

2 

DS-2B 

22.6 

6.46 

1045. 

7-15-76 

12.0 

12. 

S. 

560. 

10.4 

.29 

.02 

14.5 

95  40E 

150BCC 

3 

05-2C 

19. H 

10.82 

1045. 

4-  4-78 

101. 

90. 

596. 

11.3 

.02 

1,27 

16.8 

95  40E 

ISDBrC 

3 

D5-2C 

19. B 

12.62 

1045. 

7-15-76 

16.1 

21, 

21. 

578. 

9.0 

.20 

.06 

12.3 

95  40E 

16BABn 

1 

DS-6A 

47.9 

26.82 

1071. 

4-  4-78 

13.0 

5. 

2. 

436. 

4.4 

.04 

.01 

9.2 

95  40E 

15BAB0 

1 

DS-6A 

47.9 

29.67 

1071. 

4-15-77 

6. 

2. 

436. 

4.7 

.29 

.03 

11,0 

95  ♦OE 

16BABD 

1 

DS-6A 

47,9 

33.17 

1071, 

7-15-76 

14.0 

4. 

2. 

444. 

4.6 

.5* 

.oz 

10.7 

95  40E 

IfiBABD 

2 

05-6B 

39.6 

29.73 

1071. 

♦-  4-78 

13.5 

22. 

U. 

628. 

7.8 

.04 

.15 

T.7 

95  40E 

16BAB0 

2 

DS-6B 

39.6 

31.00 

1071. 

4-15-77 

16. 

9. 

560. 

7.4 

•  tz 

.11 

9.1 

95  40E 

16BABD 

2 

DS-5B 

39.6 

31.82 

1071. 

7-15-76 

14.0 

13. 

7. 

536. 

6.7 

.?7 

.14 

6.0 

•NOTE* 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED, 
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OtSSOLVCD    SODIUM 
SOLIDS    •OSOHPTION 


BICABRnNAfE 

CARBONATE 

SULFATE 

CHLORIDE 

FLUOR  IOC 

NITRATE 

CALC.  «S 

RATIO 

LOCAT ION 

<HC01) 

(C03» 

(5041 

(CD 

(F) 

(N03  AS  N) 

RESIOOC) 

(S.C.t 

IN  4?E:  IflAAAB 

79S. 

0. 

1721, 

IS.O 

.1 

.86 

2940. 

.6 

IN  42E  IBAAAB 

7fl3. 

0. 

1631, 

2R.0 

.2 

.(>« 

2839. 

.6 

IN  4?E  IBAAAB 
IN  42E  IRAAAH 
IN  42E  IHAAAR 

7S0. 
79ft. 
fl29. 

0. 
0. 
0. 

1574, 
1529. 
1290. 

65.0 

46.0 

B.l 

.2 

.1 
.1 

.31 
.93 
.03 

2767. 
2710. 
2392. 

.6 
.6 
»6 

IN  4?E  IflAAAR 
IN  4aE  IBAAAB 
IN  4?E  18AAAR 
IN  4?E  1BA4AR 

fl05. 
BOB. 
fl2fi. 
fl49. 

0. 
0, 
0. 

0, 

1410. 
1289. 
1355. 
1730. 

10.7 

10,4 

9.5 

12.3 

.1 
.1 
,1 
.1 

.08 
*I« 
.07 
.23 

2517. 
2369. 

2495  = 
296S. 

.6 
.6 

.5 

•  5 

IN  4?E  IBAAAB 

615. 

0. 

1621. 

9.6 

<       .1 

.«T 

2658. 

,5 

IN  42E  IBAAAB 

461  . 

0. 

1544. 

9,7 

<   ,1 

.11 

2*30. 

.6 

IN  4?E  IBAAAB 
IN  4?E  IBAAAB 

741. 

77fl. 

0. 
0. 

1532, 
1630. 

13.3 
10,9 

,1 
.2 

.16 
^09 

26*1. 
2799, 

.5 
,5 

IN  4?E  IBAAAB 

530. 

0. 

1*04. 

8.2 

.1 

.11 

2285. 

.6 

IN  4aE  IBAAAB 

724, 

0, 

1440. 

9.2 

.  1 

.29 

2*82. 

.6 

IN  4?F  IROAAB 

640. 

0, 

4)7. 

11.0 

.2 

2.17 

1096. 

.6 

IN  4?F  IBOAAC 

449. 

0. 

1378, 

3.4 

.2 

.19 

2226. 

,3 

IN  ♦?£  IflOAAD 

619. 

0, 

417. 

1.2 

.2 

6.60 

10*3. 

,3 

IN  *?E  IflOAAO 

637, 

0, 

580. 

3.5 

.2 

1.77 

1272. 

.3 

9S  40E   QDCAB 

1263, 

0. 

20. 

6.0 

4.2 

.03 

U*B. 

33.7 

9S  40E   9DCAB 

1063. 

0. 

56. 

7.0 

3.7 

.03 

1037. 

31.2 

9S  4flE   9nr.AH 

1114. 

5. 

2. 

60,5 

4.8 

<   .02 

109*. 

37.3 

95  40E   QnrAB 

1334, 

0, 

30. 

7.8 

4,6 

.04 

1233. 

40.5 

9S  40E   9r)C«B 

945, 

0, 

230. 

5.0 

,5 

.04 

11*0. 

6.4 

95  4nE   9DCAB 

1603. 

0, 

711. 

13.5 

.5 

21.24 

2433. 

22.5 

9S  4nE  I5CACD 

14Rfl. 

c. 

4463. 

41.0 

.5 

.06 

7520. 

12.3 

95  4nE  I5CACn 

14?5, 

n. 

4395. 

65.0 

.4 

.81 

75*0. 

12.3 

95  40E  15CAC0 

121R, 

n. 

3359, 

61  .0 

.6 

23.72 

5950. 

11.* 

95  40E  15CACn 

1205, 

n. 

2970. 

31.0 

1.0 

.34 

5382. 

20.3 

95  4nE  15CRDA 

1176, 

0. 

391. 

fl.O 

2.1 

«0« 

1610. 

28.* 

95  40E  I5CB0A 

1197, 

0, 

446. 

10.0 

1.7 

.Oil 

1716. 

26.3 

95  40E  IBCBPA 

1333. 

64. 

102. 

12,0 

.5 

,33 

1*02. 

24.2 

95  4nE  15CBnA 
9S'40E  15C0BC 

1 

1369. 

2056. 

0. 
0. 

56. 
1025. 

18.2 
18.5 

1.6 
.6 

1.20 
.32 

129*. 
3300. 

21.2 
23.* 

95  40E  15C0BC 

1 

2273. 

0. 

948. 

22.2 

.6 

2.92 

3392. 

23,2 

95  40E  15C0PC 

1 

192n. 

0, 

1172. 

20.9 

.6 

4.95 

3392. 

20.9 

95  40E  15C0BC 

1 

1546. 

0, 

1248, 

30.0 

.6 

.23 

3196. 

20.7 

95  4nE  15C0BC 

2 

1941, 

0, 

710. 

39.0 

.7 

.or 

2764. 

26.6 

95  40E  I5CDRC 

2 

1962, 

0. 

857. 

15,0 

.6 

.03 

29*1. 

2*. 7 

95  40E  IBCOflC 

2 

1082, 

0. 

2416, 

.3 

.OS 

♦  532. 

34.6 

95  40E  I5CDRC 

2 

1923, 

0. 

831, 

15.6 

,7 

.52 

2892. 

25.* 

95  40E .15CDBC 

2 

15BA. 

178. 

R98. 

15,8 

.8 

4.11 

3060. 

28.6 

95  40E  15CDBC 

2 

982. 

0, 

3464, 

21,2 

,3 

.45 

5862. 

25,8 

95  40E  15C0RC 

3 

1342. 

0. 

571. 

11.0 

.7 

.03 

2020. 

23.7 

95  40E  15C0RC 

4 

1761. 

0. 

825, 

8.0 

.5 

.02 

2730. 

22.2 

95  40E  ISDRCC 

2 

99?, 

0. 

261, 

13.0 

2.4 

<   .02 

1269. 

15.3 

95  *0E  150RCC 

2 

1147. 

19. 

82. 

16.0 

2.9 

.15 

11S2. 

23.5 

95  40E  15DRCC 

2 

1384. 

0. 

111. 

9.0 

3.3 

,46 

1*09. 

30,8 

95  40E  150RCC 

3 

815. 

0. 

1129. 

32.0 

1.6 

.25 

2380. 

10.* 

95  4nE  15DBrC 

3 

1253. 

0, 

345. 

21.0 

2.8 

.03 

1626. 

21.4 

95  40E  168ABn 

1 

1196. 

0. 

3. 

5.0 

3.9 

.03 

loss. 

*3.9 

95  4nE  16BAB0 

1 

1071. 

33, 

2. 

22.0 

3.8 

<   .02 

10*7. 

39,1 

95  40E  16BAB0 

1 

1180, 

0, 

2. 

6.2 

3.7 

1.36 

1059. 

4*, 8 

95  40E  IftBABO 

2 

154fl, 

0, 

196. 

10.0 

3.2 

<   .02 

I6*7„ 

27,6 

95  40E  16BAB0 

2 

1509. 

0, 

28. 

5,0 

3.4 

1.99 

1361. 

28,2 

95  40E  16BABD 

2 

1371. 

0. 

84. 

6.5 

3.6 

.44 

13*0. 

Z9oS 

SPECIFIC 

^ 

COMDUCTAMCC 

PM 

(MICROMHOS 

IL«BOR«- 

CONTRIBUTING 

AT  25  C> 

TORY) 

AOOIFER 

3232, 

7,0+ 

ROSEBUD  SPOILS 

3170, 

6. 86 

(WSEPUD  SPOILS 

3167, 

7.26 

ROSEBUD  SPOILS 

3097, 

7.38 

ROSEBUD  SPOILS 

25*9. 

7.01 

ROSEBUD  SPOILS 

2971, 

7.49 

ROSEBUD  SPOILS 

2922. 

7.7S 

ROSEBUD  SPOILS 

2861  = 

7,15 

ROSEBUD  SPOILS 

3215. 

7.5* 

ROSEBUD  SPOILS 

2980. 

7.67 

ROSEBUD  SPOILS 

2670. 

7,71. 

ROSEBUD  SPOILS 

3105. 

7,^6 

ROSEBUD  ■ 

SPOILS 

3120. 

7,17 

ROSEBUD  ■ 

SPOILS 

2720, 

7.67 

ROSEBUD  ' 

SPOILS 

2920. 

7.67 

ROSEBUD  ' 

SPOILS 

1566. 

7.^2 

ROSEBUD  ■ 

SPOILS 

2052. 

7.36 

ROSEBUD  : 

SPOILS 

1576. 

7.80 

ROSEBUD 

SPOILS 

1768. 

7.81 

ROSEBUD  ' 

SPOILS 

1791. 

7.66 

W. DECKER 

SPOILS 

16*7. 

e.ii 

K.DECKEH 

SPOILS 

1736, 

8.37 

W. DECKER 

SPOILS 

1928. 

B.26 

W.DECKEH 

SPOILS 

1770. 

6.96 

W,OECKE« 

SPOILS 

3*91, 

7.9* 

X.DECKEH 

SPOILS 

8282. 

6.B2 

H.DECKEH 

SPOILS 

8119. 

6.93 

W.OECKEH 

SPOILS 

71*5. 

7.81 

W.OECKEH 

SPOILS 

6795. 

7.52 

W.OECKEH 

SPOILS 

2*40. 

7.70 

W. DECKER 

SPOILS 

2570. 

7.73 

W.DECKEH 

SPOILS 

2129. 

8.80 

W. DECKER 

SPOILS 

2039. 

7.98 

W. DECKER 

SPOILS 

♦57*. 

7.46 

K. DECKER 

SPOILS 

♦  560. 

7.59 

W. DECKER 

SPOILS 

♦  611. 

7. 98 

W. DECKER 

SPOILS 

♦  390. 

7.19 

W. DECKER 

SPOILS 

3968, 

7,75 

K. DECKER 

SPOILS 

♦  239. 

7.39 

W. DECKER 

SPOILS 

5087. 

7.05 

S. DECKER 

SPOILS 

♦  220. 

7,29 

W. DECKER 

SPOILS 

♦  295. 

9.23 

M.OECKER 

SPOILS 

728!. 

6.8* 

t». DECKER 

SPOILS 

2993. 

7.18 

«. DECKER 

SPOILS 

3906. 

7.06 

W. DECKER 

SPOILS 

1955. 

8.12 

W. DECKER 

SPOILS 

IS^l. 

S.51 

W. DECKER 

SPOILS 

2201. 

8.2S 

W. DECKER 

SPOILS 

3250. 

7.50 

H. DECKER 

SPOILS 

2^59  . 

8.0* 

W. DECKER 

SPOILS 

1665. 

8.07 

W. DECKER 

SPOILS 

1725. 

8.68 

W. DECKER 

SPOILS 

1677. 

8.10 

m. DECKER 

SPOILS 

251*. 

7.7* 

W. DECKER 

SPOILS 

2201. 

7,70 

«. DECKER 

SPOILS 

2073. 

7,65 

W. DECKER 

SPOILS 

I 
I 


•NOTE« 

INDICATED  CONCENTRATIONS  a;»E  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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APPENDIX  E 

Concentrations  of  Trace  Elements 
in  Spoils  Waters 


^k 


DATE  OF 

ALUMINUM 

ANTIMONY 

ARSENIC 

BEPYLLIUM 

BORON 

SAMPLE 

(AD 

(SB) 

(AS) 

(BE) 

(B) 

LOCATION 

COLLECTION 

MG/L 

MG/L 

U(;/L 

OG/L 

MG/L 

?N  ♦!£  34D04D 

3-23-73 

<  2.0 

.  17 

?N  ♦IE  35RCr)B 

3-23-73 

<  2.0 

.96 

?N  <i\l     35CRAA 

3-23-73 

<  2.0 

.46 

IN  37F:  25RCPD 

2-  7-7R 

.05 

.2 

IN  4ie   1BC48 

1 

3-30-7B 

IN  *iF  ino»c 

? 

3-3n-7B 

IN  *1E   3»»RR 

7-20-77 

IN  41E   3A&RB 

ll-18-7ft 

IN  *1E   3»»fiB 

6-  3-7h 

<  .05 

<  .2 

<    5.0 

.50 

IN  *1E   3»«BR 

4-  6-7ft 

.23 

<  .2 

<  5.0 

.34 

IN  ftlE   3*ABH 

l-12-7ft 

IN  *1E   3«ARB 

10-  1-75 

.10 

.3 

4.4 

<  5.0 

.34 

IN  *IE   3AAHB 

5-23-74 

IN  *1E   3AARB 

3-23-73 

<  2.0 

1  .20 

IN  *IE  ??DAA 

3-28-78 

IN  41E  2?nAA 

10-19-77 

IN  41E  PTAflrC 

3-28-7H 

IN  *1E  ?7ARCC 

7-21-77 

.12 

.6 

<  2.0 

<  5.0 

IN  »1E  ?7ABrC 

2-19-77 

<  2.0 

IN  *1E  27ARCC 

6-  4-7ft 

<  .05 

.2 

<  5.0 

.90 

IN  41E  ?7ARCC 

4-  5-76 

<  .05 

<  .2 

<  5.0 

.95 

IN  41E  27ACrC 

3-2R-7B 

IN  41E  ?7A0CA 

3-29-7R 

IN  41E  e7Ancc 

3-28-78 

IN  4IE  ?7B»DC 

2 

3-28-78 

IN  41E  ?7RAnC 

3 

3-28-78 

IN  41E  27RADC 

3 

7-21-77 

.07 

.5 

<  2.0 

<  5.0 

IN  41E  27RAnC 

3 

4-  5-7f. 

<  .05 

<  .2 

<    5.0 

.24 

IN  41E  27DAPR 

2 

3-29-78 

IN  41E  27nACA 

3-28-78 

IN  41E  27DACA 

4-13-71^ 

IN  4IE  27DAnC 

3-28-78 

IN  4IE  ?7r)A0C 

7-21-77 

IN  41E  ?7nRA0 

3-28-78 

IN  41E  ?7nB«0 

2-  4-77 

.05 

.3 

<  2.0 

<  5.0 

IN  41E  ?7nRP» 

3-28-78 

IN  41E  ?7nRr>c 

3-28-78 

IN  41E  27nflDC 

7-21-77 

.08 

.4 

<  2.0 

<  5.0 

IN  41E  270RDC 

2-  3-77 

<     .05 

.3 

<  2.0 

<  5.0 

IN  41E  27nR0C 

11-19-76 

<  .05 

<     .2 

<  2.0 

<  5.0 

.60 

IN  4IE  ?7nnRC 

3-28-78 

IN  4?E  17BDDC 

3-30-78 

IN  4aE  17R00C 

7-20-77 

<  .05 

.4 

<  2.0 

<  5.0 

IN  4aE  17BD0C 

4-  7-77 

.18 

.2 

<  2.0 

<  5.0 

IN  42E  17H0nC 

11-18-76 

<  .05 

<  .2 

<  2.0 

<  5.0 

.45 

IN  4?E  i7pnnc 

8-17-76 

IN  4?E  I7P0nC 

6-  3-76 

<  .05 

<  .2 

<  5.0 

.50 

IN  42E  17BnOC 

4-  4-76 

<  .05 

<  .2 

<  2.0 

<  5.0 

•  49 

IN  42E  17RDDC 

3-17-76 

IN  42E  17R0DC 

1-12-76 

IN  42E  17BDDC 

9-30-75 

.10 

.2 

<  2.0 

<  5.0 

.49 

IN  42E  17BDDC 

4-10-75 

.27 

IN  42E  17BDDC 

2-  4-75 

IN  4aE  1780DC 

6-  6-74 

IN  42E  17B00C 

2-  4-74 

IN  4aE  17B00C 

9-25-73 

<    2.0 

.82 

CADMIUM   CHROMIUM 
(CO)       (CR) 
MG/L       MG/L 


<  .01 

<  .01 
«  .01 

.ei 


.«3 


.02 
.01 


.02 

.01 


<  .01 


<  .01 


.01 


.02 

<  .02 
.02 

<  .01 


.03 


.06 
.02 


.02 
.01 


.02 


.02 

.01 
.02 

.02 

.02 

<  .01 

.02 
.01 
.01 

<  .01 
.01 

<  .01 

.01 
<  .01 

<  .01 

<  .01 

.01 


<  .02 


COPPER 
(CUI 
M«/L 


.02 
.03 
.03 
.OS 


.02 
.01 

.02 
.01 

.02 
.13 

<  .01 

<  .01 

.01 

<  .01 

<  .02 

<  .02 

.02 


.02 
.02 


.02 
.01 


.01 


.02 
.01 
.02 


.02 
.01 
.02 

.01 
.01 


.01 


.02 


IRON 
IFE) 
MG/L 


.30 
.40 

I. 10 
.03 
.80 
.02 
.39 
.02 
.07 
1.29 
5.10* 
.48 
.03 
.15 
.03 
.04 
.06 
.06 
.08 
.02 
.77 
.07 
.10 

.05 

.04 

.04 

.05 

.05 

.21 

.03 

.03 

.08 

.02 

.03 

.32 

.03 

.03 

.24 

.38 

.03 

.03 

.03 

.05 

.03 

.03 

.02 

.03 

.03 

.06 

.*♦• 

.15 

.01 

.01 

.01 

.01 

.18 


LEAD 
<Pa) 
H6/L 


.19 

.13 

.!•> 

.05 

.15* 

.12» 

.01 

.13 

.09 

.12 

.11» 

.06 

.16 

.16 

.05* 

.05 

.17» 

.01 

.01 

.13 

.20 

.19» 

•  15« 

.10» 

.08* 

.13* 

.01 

.13 

.10* 

.11* 

.05 

.10* 

.01 

.09» 

.01 

.10" 

.09* 

.01 

.01 

.09 

.12* 

.06» 

.01 

.01 

.07 

.07 

.07 

.07 

.05 

.08* 

.07 

.05 

.05 

.08 

.OS 

.06 


I 

CO 

I 


ONOTE" 


iHK^Ipe  TOm'^RECOVERABLE  """-"-''"""^  ""  '-■^"  '"'''''-'  *'«'  MICROGRAMS  PER  LITER  (UG/L)  ARE  DISSOLVED  EXCEPT  THOSE  DENOTED  BY  (.) 
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04TE  OF 

LITHIUM 

MANGANESE 

HEOCUBY 

NICKEL 

S4MPLE 

<Ln 

(MN) 

(HG) 

(NI  ) 

L0C4TION 

COLLECTION 

MG/L 

KG/L 

UG/L 

MG/L 

?N  ♦!£ 

34D04D 

3-?3-73 

4.70 

<  .2 

.14 

2N  41E 

35HC0R 

3-23-73 

.32 

<  .2 

.06 

2N  *1E 

35CB«* 

3-23-73 

5.00 

<  .2 

ilO 

IN  37F 

2";rcpo 

2-  7-7(1 

.05 

.21 

.03 

IN  »1E 

IBC«R 

1 

3-30-7R 

,0«» 

.91 

IN  *1E 

ir>o*c 

? 

3-3fl-7H 

.070 

.02 

IN  *1E 

H4APB 

7-20-77 

.06 

1.33 

IN  »1E 

'StARB 

ll-18-7l<, 

,05 

1.44 

IN  *1E 

3»»PR 

6-  3-7ft 

.04 

.96 

<  .3 

.02 

IN  »1£ 

3A4BR 

4-  6-7ft 

.03 

.06 

.07 

IN  *1E 

3AAPP 

l-l?-7ft 

I. on. 

IN  *1E 

3A4RB 

10-  1-7S 

.02 

.64 

<  .3 

.04 

IN  *1E 

3AARB 

5-23-74 

.37 

IN  *1E 

34aRR 

3-23-73 

2.20 

<  .2 

.09 

IN  »1E 

??Da4 

3-28-7fi 

•  05» 

.34 

IN  ♦!£ 

2?n44 

10-19-77 

.03 

.04 

IN  *1E 

27ARrC 

3 

3-2«-7fl 

.06* 

2.4fl 

IN  ^lE 

274RCC 

3 

7-21-77 

.07 

2.56 

.12 

IN  *1£ 

?74BrC 

3 

2-l')-77 

.07 

1.52 

<  .3 

IN  *1E 

a74Rrc 

3 

6-  4-7f. 

.08 

I. 95 

,4 

.06 

IN  *1E 

?74RrC 

3 

4-  5-76 

.OB 

2.R4 

.11 

IN  *1E 

274CrC 

3-28-7B 

.07* 

5.65 

IN  »1E 

274nC4 

3-2fl-7B 

.05» 

6.90 

IN  »1E 

a74ncc 

3-2H-7P 

.OR* 

.fl3 

IN  41E 

?7B4DC 

? 

3-2R-7B 

.07* 

.47 

IN  41E 

?7B4nc 

3 

3-2B-7B 

.0P» 

.6'- 

IN  *1E 

27R4nr 

3 

7-21-77 

.OR 

1.27 

.10 

IN  *1E 

27RAnC 

3 

4-  5-76 

.09 

1.57 

.12 

IN  41E 

270APR 

2 

3-2a-7B 

.06» 

1.18 

IN  41E 

27DACA 

3-2B-7P 

.07« 

1.71 

IN  41E 

27D4C4 

4-n-7«- 

1.56 

IN  41E 

270&nc 

3-2e-7P 

.07. 

.55 

IN  41E 

?7040C 

7-21-77 

.07 

.50 

IN  41E 

?70RA0 

3-2n-7B 

.07. 

.71 

IN  41E 

?7DBA0 

2-  4-77 

.09 

.65 

,4 

.OB 

IN  41E 

27nR04 

3-2R-7B 

.12» 

I.3R 

IN  41E 

P70HDC 

3-2fl.7R 

.07. 

1.03 

IN  41E 

?70HOC 

7-21-77 

.OR 

.92 

.15 

IN  41E 

?7nBC)C 

2-  3-77 

.OB 

.61 

<  .3 

.13 

IN  41E 

?70flDC 

11-19-76 

.07 

.54 

<  .3 

.12 

IN  41E 

p7noRC 

3-2R-7R 

.09. 

1.06 

IN  4?E 

17BDr)C 

3-30-7B 

.02. 

2.07 

IN  42E 

17RDDC 

7-20-77 

.03 

1.96 

.06 

IN  43E 

170OPC 

4-  7-77 

.03 

1.27 

.05 

IN  4?E 

17RD[>C 

11-1B-7A 

.03 

1.82 

.4 

.07 

IN  4?E 

179nDC 

fl-17-76 

.03 

.02 

IN  4?E 

I7P0DC 

6-  3-76 

.03 

1.47 

.6 

.05 

IN  4EE 

17RDnC 

4-  4-76 

.03 

1.57 

.06 

IN  4aE 

17RDnC 

3-17-76 

.59 

IN  42E 

17RD0C 

1-12-76 

.97* 

IN  42E 

I7flDPC 

■  9-30-75 

.02 

I. 00 

<  .3 

.04 

IN  42E 

17BD0C 

4-10-7=; 

.03 

IN  42E 

17BRDC 

2-  4-75 

.15 

IN  4?E 

1780DC 

6-  6-74 

.\*> 

IN  42E 

17B00C 

2-  4-74 

•  OT 

IN  42E 

17BDDC 

9-25-73 

.75 

<     .05 

PHOSPHATE  SELENIUM 
IP04  AS  P\  ISEI 

MG/L       U6/L 


SILVER 

STRONTIUM 

TIN 

IA6) 

<SR) 

(SM) 

N6/L 

M6/L 

MO/L 

04 

< 

5.0 

03 

« 

5.0 

< 

5.0 

14* 

07* 

33* 

.01 
.07 


<  2.0 


.0?» 

.00 

< 

2.0 

.01 
.00 
.00 

< 
< 
< 

2.0 
2.0 
2.0 

.OB* 

.01 
.05 
.00 

< 

2.4 
2.8 
2.0 

.00 
.02 

< 
< 

2.0 
2.0 

.05 
.18* 

< 

2.0 

«  .01 


01 

3.5 

.01 
<  .01 

01 

14* 

<  2.0 

<  .01 

05 

<  5.0 

75* 

01 

<  2.0 

<  2.0 

.01 

11 

<  .01 

01 

.01 

.01. 
.01 


.01 


.01 
.01 
.01 


<  .01 

<  .01 
.01 

.01 

<  .01 


.01 


12.7 


5.6 
3.7 


2.3 


6.2 

15.9 

6.2 

6.5 


♦  .2 
6.6 


11.8 


10.5 
11. fl 
13.2 


3.2 
2.8 
3.5 

3.5 
3.1 


3.2 


.45 
.33 


.35 


1.32 

4. as 

.84 
.68 


I. 01 

.46 


.81 


.72 

.88 

1.42 


.63 

.74 

1.00 

.37 
.30 


.28 


ZINC 
(ZN) 
MG/L 


.19 

.84 

.45 
10.80 


.02 
.86 


.02* 


<  2.0 


.03 
.27 


.09 


.05 
.04 


.30 

.03 


.05 


.38 
.05 
.32 


,20 
.07 
.36 

.OB 
.04 


.11 


.02 


•NOTE. 

INDICATED  CONCENTRATIONS  IN  MILLIGRAMS  PEH  LITER  (MG/Ll  AND  MICROGRAMS  PER  LITER  (UG/LI  ABE  DISSOLVED  EXCEPT  THOSE  DENOTED  BY  (.) 

WHICH  ARE  TOTAL  RECOVERABLE 

Analyses  continued  from  preceding  page 


# 


o 


a 


DATE  OF 

ALUMINUM 

ANTIMONY 

AR5ENIC 

BERYLLIUM 

BOBON 

C»OMIUM 

CHROMIUM 

COPPC« 

IRON 

te*o 

SAMPLF 

(AL) 

(5BI 

(AS) 

(BE) 

(Bl 

(CO) 

(OR) 

(CU) 

<FE1 

(P8) 

LOCATION 

COLLECTION 

MG/L 

MG/L 

UG/L 

UR/L 

MG/L 

MG/L 

MG/L 

MG/L 

HG/L 

M6/L 

IN  4?E 

IRAA&H 

3-30-7R 

.03 
.04 
.04 

.08» 

.01 

.01 

IN  4?E 

1BA44R 

7-20-77 

IN  <>?f 

IRA&AP 

4-  7-77 

.05 

•  3 

<  2.0 

<    5.0 

.01 

•  01 

•  02 

IN  4?E 

IflAAAfi 

11-18-76 

.in 

<  .2 

<  2.0 

<  5.0 

.63 

.01 

< 

.01 

.02 

.09 

.13 

IN  4?E 

1BAA6H 

6-  3-76 

.05 

<  .2 

<  5.0 

.80 

.02 

•  01 

.01 

.03 

.10 

IN  4?E 

IRAAAS 

4-  4-76 

<  .05 

<  .2 

<    5.0 

.78 

« 

.01 

« 

•  01 

.01 

.10 

.  1 1 

IN  4?E 

IPAAAR 

3-17-76 

.01 
5.10* 

.05 
.  13* 

IN  4?E 

IflAAAB 

1-12-76 

IN  42E 

inAAAR 

9-30-7S 

.08 

.3 

<  2.0 

<  5.0 

.83 

< 

.01 

< 

.01 

.07 

.43 

.09 

IN  4?E 

inAAAB 

4-10-75 

<  2.0 

.96 

.01 

.03 

.02 

.15 

IN  4?E 

IBAAAB 

2-  4-75 

.01 
.02 
.01 
.04 
3.00 

.08 
.09 
.09 
.08 
.06 

IN  4?E 

IBAAAf) 

6-  6-74 

IN  4?E 

IBAAAB 

5-23-74 

IN  4?E 

IRAAAR 

?-  4-74 

IN  4?E 

IBAAAB 

9-25-73 

<  2.0 

1.23 

.01 

< 

.02 

.02 

IN  4?E 
IN  42E 
IN  4?E 

IBOAAB 
IBDAAC 
leOAAO 

? 

3 

3-30-7fl 
3-30-7fl 
2-  3-77 

.01 
.02 
.02 
.03 

< 

< 
< 

.05* 
•  05» 
.01 
.05 

IN  4?E 

IBHAAO 

1 

4-14-76 

<    .05 

<  .2 

<    5.0 

.31 

< 

.01 

< 

•  01 

<  .01 

95  40E 
95  40E 

90CAR 
90CAB 

2 
2 

4-  4-7B 
7-22-77 

.31 

<  .2 

<  2.0 

<  5.0 

.01 

< 

•  01 

.01 

.21 

.32 

< 
< 

.05* 
.01 

95  4nE 

qOCAB 

? 

4-15-77 

.56 

<  .2 

<  2.0 

<  5.0 

< 

.01 

< 

.01 

<  .01 

.43 

< 

•  01 

95  40E 

90CAB 

? 

7-15-76 

.44 

< 

.05 

95  iflE 
95  4nE 

9DCA8 
9nCAB 

3 

4-  4-7B 
4-12-77 

.05 

<  .2 

<  ?.o 

<  5.0 

< 

.01 

.02 

.01 

1.90 
.14 

< 
< 

.05' 
.01 

95  40E 

I^CACD 

4-  4-7fl 

.04 

.09* 

95  40E 

15CAC0 

7-22-77 

<  .05 

.7 

16.0 

<  5.0 

.02 

.03 

.04 

.05 

< 

•  01 

95  4nE 

ISCACO 

4-12-77 

<  .05 

.4 

38.0 

<  5.0 

.02 

.03 

.03 

.05 

.20 

9S  40E 

ISCACD 

7-15-76 

<     .05 

.3 

<  5.0 

.20 

< 

.01 

< 

•  01 

<  .01 

.02 

.08 

95  41E 

95  4nE 

I^CRDA 
15CR0A 

4-  4-7fl 
7-22-77. 

.22 

.2 

2.0 

<  5.0 

< 

.01 

< 

.01 

.01 

.03 
.24 

< 
< 

.05« 
•  01 

95  4oe 

ISCBOA 

4-11-77 

•  OB 

<  .2 

<  2.0 

<  5.0 

< 

.01 

< 

.01 

<  .01 

.01 

< 

.01 

95  40E 

15CB0A 

7-15-76  . 

.47 

<  .2 

<  5.0 

<  .10 

< 

.01 

< 

.01 

.01 

.21 

< 

.05 

95  40E 

15CDRC 

1 

3-24-76 

<  .05 

<  .2 

<  2.0 

<  5.0 

.13 

< 

.01 

< 

.01 

<  .01 

.22 

< 

•  05 

98  40E 
95  4nE 

15CDPC 
15CDRC 

1 
1 

1-  6-76 
10-  2-75 

.10 

<  .2 

<  2.0 

<  5.0 

.13 

< 

.01 

< 

.01 

.01 

l.BO* 
.26 

< 

.oa» 

.05 

95  40E 

15C0BC 

1 

5-  2-75 

<  .05 

.05 

•  06 

95  40E 

IBCDBC 

2 

11-20-76 

.05 

<  .?. 

<  2.0 

<  5.0 

.17 

.01 

< 

.01 

.02 

.03 

< 

.05 

95  40E 

15C0PC 

2 

6-  4-76 

<     .05 

<     .2 

<  5.0 

.10 

.01 

< 

.01 

.03 

.01 

< 

.05 

95  40E 

15CDflC 

2 

4-13-76 

.14 

3.6 

16.7 

<  5.0 

.31 

< 

.01 

.01 

<  .01 

.90 

.08 

95  40E 

15CDBC 

2 

13-  3-75 

.25 

.2 

<  2.0 

< 

.01 

< 

.01 

•  01 

.09 

< 

.05 

95  4nE 

ISCDPC 

2 

10-  2-75 

.32 

<:    .2 

<  2.0 

<  5.0 

.16 

< 

.01 

< 

.01 

.01 

.41 

< 

.05 

95  40E 
95  40E 

ISCOBC 
15CnRC 

2 
3 

5-  2-75 
4-  4-7B 

.62 

.23 

<   .01 

< 

.10 
.05* 

95  4nE 

15C0BC 

4 

4-  4-70 

.02 
.07 
.40 

.05* 
.05* 
.01 

95  40E 
95  40E 

15DBCC 
150RCC 

4-  4-7fl 
4-12-77 

.37 

<  .2 

<  2.0 

<    5.0 

< 

.01 

< 

.01 

«  .01 

< 
< 
< 

95  4nE 

150BCC 

2 

7-15-76 

.29 
.02 
.20 

95  tOE 

150RCC 

3 

4-  4-7fl 

< 

.05 

95  40E 

15DBCC 

3 

7-15-76 

.38 

<  .? 

<  5.0 

.10 

< 

.01 

< 

.01 

.0? 

< 
< 

.05* 

.05 

.05« 

.02 

.05 

.05» 

95  40E 
95  40E 

I6BAB0 
16B4RD 

1 

1 

4-  4-78 
4-15-77 

.45 

<  .2 

<  2.0 

<  5.0 

< 

.01 

< 

.01 

.01 

•  04 

•  29 

< 

95  ♦OE 

16BAB0 

1 

7-15-76 

.78 

<  .2 

<  5.0 

.10 

< 

.01 

< 

.01 

•  01 

•  54 

95  40E 

IftBABO 

2 

4-  4-7fl 

•  04 
.12 
.27 

95  40e 

leeABO 

a 

4-15-77 

< 

95  40E 

16BABD 

? 

7-15-76 

.77 

<:  .2 

<    5.0 

.10 

< 

.01 

< 

.01 

.03 

< 

.OS 

•NOTE* 


I 


INDICATED  CONCENTRATIONS  IN  MILLIGRAMS  PER  LITER  (MG/L)  AND  MICROGRAMS  PER  LITER  (OG/L)  ARE  DISSOLVED  EXCEPT  THOSE  DENOTED  BY  (•! 

WHJLH  ARE  TOTAL  RECOVERABLE 

Analyses   continued   on   following  page 


DATE    OF 

LITHIUM 

M»NGANESC 

MERCURr 

NICKEL 

SAMPLE 

ILII 

(MNI 

1H6I 

(NI  I 

tOTAT ION 

COLLECT  ION 

MG/L 

MG/L 

l)6/L 

MG/L 

IM    4PF 

IBaiSAM 

3-30-7B 

.05» 

.46 

\<l    -.^f 

1 HAJiH 

7-P0-77 

.05 

.71 

I'l    <>?'t 

1  fl  A  4  i  n 

4-     7-77 

.04 

.53 

.06 

IN    4?t 

innivAR 

11-18-76 

.04 

.71 

<    .3 

.06 

-\U     i,?f 

1  B  a  A  4  q 

6-     3-7'. 

.04 

.00 

<     .3 

.04 

If-      iPt- 

1  B(l  ASH 

4-    4-7fi 

.05 

.Q? 

.07 

1  '1      <•  ^'» 

1  B  A  A  A  W 

1-17-7*. 

.7fl 

Iti      '■^"'f" 

1 BAAAU 

l-I?-7». 

1.1«» 

\U     4,'f 

1  B  A  A  A  n 

Q-30-7S 

.05 

l.l" 

<    .3 

.06 

IN     4P> 

1  n  A  A  A  P 

4-10-7S 

.0? 

.04 

lU     <.?h 

1 PAAAH 

?-    4-7S 

.01 

in  <.?f 

1 BAAAR 

f,-    6-74 

.40 

I'J    4^K 

1  flAAAF> 

5-23-74 

.04 

IN  <.?r 

1  n  A  A  A  (1 

?-    4-74 

.03 

IM    4?f 

!  f)4AAH 

Q-2S-73 

1.05 

<     .05 

IN    4?R 

IBDAAfj 

3-30-7B 

.03* 

.01 

I'J    *?f 

IBOAAC 

3-30-7fl 

,04« 

.20 

IN     «?' 

J  BnAAl) 

?-    3-77 

.03 

<     .01 

<    .3 

IN     4?F 

IPDAAn 

4-14-7ft 

.03 

.35 

.06 

95    *nF 

QDCAR 

4-     4-7B 

.I3« 

.OB 

QS    4  OF. 

QIICAH 

7-22-77 

.13 

.04 

.02 

<*S    4  0? 

QOCAH 

4-15-77 

.14 

.05 

<     .01 

<5S    40F 

QDf.AR 

7-15-7ft 

.01 

QS    4  OK 

QDCAR 

4-    4-7B 

.07» 

1.45 

CS    4nF 

QIICAR 

4-12-77 

.24 

.71 

.05 

<}S   4nF 

ISCACO 

4-    4-7B 

.41« 

1.50 

OS    4nE 

ISCAf n 

7-22-77 

.3Q 

1.11 

,• 

.OQ 

QS    4nF 

ISCACn 

4-12-77 

.31 

.3Q 

.OB 

QS    4nt 

l^.TAfD 

7-15-76 

.54 

.39 

.07 

QS    40F 

l^CRnA 

4-    4-7B 

.16* 

.54 

QS  4n(r 

IscHns 

7-22-77 

•  IB 

,2^ 

.03 

QS  4of; 

iscpnA 

4-11-77 

.07 

<    .01 

.01 

QS    40E 

ISCBPA 

7-15-7ft 

.0« 

•  OQ 

.01 

QS    4  Of 

ISf.nPC 

1 

3-24-76 

.3B 

.01 

<    .3 

.06 

QS    4flE 

ISCOPC 

1 

1-    6-76 

.67* 

QS    4  OK 

iscriRc 

1 

10-    2-75 

.35 

1.34 

<    .3 

.06 

QS    40E 

isconc 

1 

5-    2-75 

.32 

QS    40E 

iscnpc 

2 

11-20-76 

.34 

.16 

<    .3 

.05 

QS    40? 

iscnpc 

a 

6-    4-76 

.35 

.IB 

<    .3 

.06 

QS     40F 

iscnHC 

2 

4-13-76 

.40 

.17 

.07 

QS    4  OF 

ISCnPC 

?. 

1?-    3-75 

.36 

.IQ 

<    .3 

.06 

QS    40E 

Iscnpc 

? 

10-    2-75 

.35 

.16 

<    .3 

.05 

QS    40E 

ISCIWC 

? 

5-    2-75 

.74 

QS    4  OF 

iscn«c 

3 

4-    4-7B 

.22- 

.13 

QS  4 of; 

ISCORC 

4 

4-    4-78 

.2Q* 

.24 

QS   4ne 

isoprc 

? 

4-    4-78 

.n» 

.OQ 

QS    4  0E 

isDPrc 

? 

4-12-77 

.11 

.OB 

.0? 

QS    4nE 

isoBrc 

? 

7-15-76 

.02 

QS    40F 

15DPCC 

1 

4-    4-7fl 

.12* 

1.27 

QS    40E 

ISOPCC 

3 

7-15-76 

.1* 

.06 

<    .01 

QS    40E 

IftBARP 

I 

4-    4-78 

.13» 

.01 

QS    40E 

lf.RAPD 

1 

4-15-77 

.1* 

.03 

.0? 

QS    4nF. 

IftBAPn 

1 

7-15-76 

.12 

.02 

.02 

QS    4nE 

lftB»RD 

? 

4-    4-7R 

.1Q» 

.15 

QS    4nF 

IftBARD 

? 

4-15-77 

.17 

.11 

QS    40E 

IftBABO 

? 

7-15-76 

.15 

.14 

.01 

PHOSPHATE  SELENIUM 
(PO*  *S  P)    (SE) 
MG/L       OR/L 


SILWEP 

STRONTIUM 

TIM 

ziw: 

(AG) 

ISR) 

(SN) 

(ZN) 

MG/L 

M6/L 

MG/L 

l«S/L 

.15" 

.01 

.02 

< 

2.n 

.00 

< 

2.0 

.00 

< 

2.0 

.01 

.00 

.02« 

< 

2.0 

.02* 

< 

2.0 

.17» 

.04» 

.01 

.04* 

.02 

< 

2.0 

.04 

< 

2.0 

.55» 

.05 

< 

2.0 

.3Q» 

.01 

< 

2.0 

.11 

< 

2.0 

.01 

.OQ" 

.01 

< 

2.0 

.03 

< 

2.0 

.01 

.02» 

< 

2.0 

.00 

.04* 

2.0 

.01 

< 

2.0 

.04 

2.3 

.01 

< 

2.0 

.03» 

< 

2.0 

•  Ol* 

2.0 

.??• 

.??• 

.03* 

.03 

< 

2.0 

.23* 

.00 

.05» 

.01 

< 

2.0 

.01 

.03« 

.01 
.01 
.01 
.01 


.01 


.01 


.01 


.01 

.01 


<  .01 

.01 
.01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 


<  .01 


<  .01 


<  .01 

<  .01 


<  .01 


9.5 
9.1 
9.0 

S.6 


T.I 


3.2 


.5 

.4 


?.9 

15.0 

13.5 

9.0 

1.0 
.* 

.T 

♦  .♦ 

3.2 

3.1 
3.T 
.3 
3.8 
2.4 


.6 


1.1 

.3 
.3 


.8 


.69 
.85 

.3« 

.33 


.31 


.23 


.06 
.09 


.19 


.15 

.♦8 
.13 
.18 

.09 


.15 


.08 


.09 
.05 


<  .05 


.06 
.14 
.06 
.83 


.0* 
.21 


.S« 


.IS 

.0? 


.04 
.02 


.05 


.86 

.13 

.84 

.09 

.25 

.03 

.08 

.06 

.12 

.01 

.15 

.01 

.13 

<      .01 

.05 

.16 

.04 
.09 
.08 
.06 


.03 


.01 

.20 
.03 


.01 


oNOTE* 

INDICATED  CONCENTRATIONS  IN  MILLIGRAMS  PER  LITER  (MG/L)  AND  MICROGRAMS  PER  LITER  (UG/L)  ARE  DISSOLVED  EXCEPT  THOSE  OENOlEO  BY  (•» 

WHICH  ARE  TOTAL  RECOVERABLE 
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APPENDIX  F 

Concentrations  of  Major  Chemical 

Constituents  in  Waters  from  Research 

Wells  Completed  in  Undisturbed  Coal  Beds 


\jj^^ 


c 


LOCATION 


?N  *1E 

?N  41F 

'N  <.UJ 

?N  *1F 

?N  4  1  K 

?'■!  ".IF 

'N  4  1  F 

?N  i.  1  F 

?'J  41F 

?M  4  1  t 

PM  ii  1  F 

l^J  3  7F 

)fj  ^tlr- 

!'i  TTiF 

I'J  T'>r 

IN  30F 

IN  1 "  F 

IN  3«F 

IN  1-<E 

IN  T^IF 

-   IN  IPF 

IN  4  n  F 

IN  4  n  F 

U:  4f>L 

IN  40F 

!N  4nF 

IN  4nF 

IN  4nF 

IN  4fF 

IN  AflF 

!►!  4  OF 

IN  4  1  F 

IN  4  1  F 

IN  4  IE 

IN  4]F 

IN  4!F 

IN  4  1  F 

IN  4|F 

IN  4  I  F 

IN  4  I  F 

IN  41F 

IN  4lF 

IN  41F 

IN  4ie 

IN  41F 

IN  4  1  E 

IN  41F 

in  4  I  E 


JEiDfiHO  1 

3SD«H0  1 

ISOatT)  1 

TinsHD  1 

T^nnoo  I 
isoAHn 

3SO/S150 
JHOAHO 

1<<C-1H,I 

-j  0  n  n  M  H» 
31  (■•IMA 

3 1  p  n  M  A 

lAmiAD 
!  iccor 

I IFTHC 

1 3ccnc 

1  t^HM  AM 

1  sw^na 

I'i-jriMn 
I  rlfA'l 
MCAtl 
I  M  r  A  H 

innac 
imsc 

\nrMC     1 

4ai!-JM 

IIAACO      1 

1  no  arn  ? 
IdAACn  ? 
laAono  1 
iPAPon  1 
i^Annn  1 
l^A-inn  1 

i^riAJ     1 

1S-*AH        ? 


n.i«.FW>/AT  T'lN 
WFLL 

nF=iir,NATro'i 

S-l  J 
S-l? 

■i-l  * 


?- ' 
-)_.. 

4-H 

4-r 

S-C 

h- A 
ft-H 

■;-?■. 

P-10 
p-g 

P-q 
P-M 

p->^ 
P-7 
P-7 
S-l  1 

<;-l  1 
•=■-]  1 

S-rt 

s-« 

p-h 

■^  - ;' ' 

S-6 

S-l 
>;-7 

q-ic( 


■VFLI 

r.FPT-i 

(MFIfPS) 

1  3.7 

13.7 

13.7. 

1  3.7 

13.7 

13.7 
7.1 
7.  t 
t.^ 
l.i 
7.3 
7.    I 

r'\   .-' 

1   !.7 
3H.I 

■•1.3 

n.s 


3-; 

.  ty 

"1, 

,  4 

33, 

,  H 

bl, 

.  7 

r>-^ , 

.'I 

'♦■1 , 

.  4 

4'^, 

,4 

1°, 

.^ 

!?, 

,  ? 

\P. 

.? 

14, 

.  3 

14. 

,  T 

l-^, 

.  ? 

l*-, 

.   ) 

1  ", 

,  n 

1  ■', 

.1 

IX, 

,  n 

|4  , 

,  ^ 

14, 

,^ 

14, 

,«i 

1-^, 

,  p 

4^, 

,4 

I'J, 

,<, 

3^, 

.  h 

1-^.' 

1". 

,? 

1  ^, 

.  ? 

]-,. 

P 

^  , 

7 

7'^. 

', 

f^^. 

^ 

llf  PiM 

TO 
Wfl  If  P 
("Fir RS) 

H.?T 

H.'.f, 
n.l  1 
H.?3 
rt.?3 

•^.14 

'j.n 

1.31 

-..11 
6.41 

?.ni 
15. 4n 
14. 'if, 

4  /.  IM 

I  3.4  7 

33. S3 

I  ■-|.'34 
<  1.'=.'! 
13.1? 
3P.4O 

v.ns 

fi.os 
^.47 
^.'^n 

4.f<S 
4.H4 

1.03 

I I  .f"> 

1  i).Q4 
1(1.47 

1.11 
7.ns 
7.01 

1.1' 

3  3,03 

r"^.  in 
>>>.  1'^ 
11.1'' 

11.73 

1 1.?" 

1  1  .44 
A. 14 

»rf.31 
111.?  7 


L  anh 

'i'J-'FACI- 

AL  ri TunK 

(MFTEPS) 

193. 
'»<>3. 

'JP3. 
143. 
94  3. 

99?. 

9  9?. 

49?. 

94?. 

49?. 

4')?. 
11139. 
lO"-^. 
lis?. 
I  11  M  ?  . 
10H7. 
lOH?. 
1  If?. 
1093. 
1  093. 
lOrtl. 
10«1  . 

mil . 

1061  . 
1011  . 
1  (114  , 
IO1O. 
1010. 
1  013. 
1  013. 
10ft3. 
1013. 

443. 

<4?. 

99?. 

9i'9. 

9R9. 

9rt9. 

99H. 
lOlK. 
101«. 
101  H. 

994. 

994. 

994. 

994. 

99n, 
1039. 
1034. 


DATE 
SAMPLED 

3-3n-7H 
l-lP-71 
?-  4-7') 
1-  6-74 
?-  4-74 
9-?'S-73 
3-30-78 
1-1?-71 
?-    4-7S 

1-  6-74 

2-  4-74 
4-?S-7  3 
7-11-74 
7-11-74 

10-?9-74 

7-1 1-74 

7-11-74 

7-11-74 

7-1 1-74 

10-?4-74 

10-?'^-74 

10-?9-74 

10-30-74 

11-19-71 

U-19-71 

S-?9- fS 

5-11-75 

U-19-71 

5-16-75 

4-14-71 

5-16-/5 

6-    3-76 

5-11-75 

3-30-7U 

6-    6-7  4 

9-?5-73 

3-30-7f. 

b-    6-74 

9-?5-73 

5-16-75 

5-?^-75 

9-30-75 

5-16-75 

4-    5-78 

7-20-77 

6-    6-74 

9-?5-73 

7-20-77 

7-l?-74 

5-1  )-75 


ATll-'-  (r 

1,^.0 
1  1  .  11 

4.  M 


10.  » 


I  i .. 
1?.. 

13.1 


l?.o 
1  -5 .  .) 
11.0 
1  3 .  (1 
l?.;l 
I?. 11 
11.0 

in.w 

U.c 

6.0 


!?.■ 


I  1  .s 


10.il 

1  l.'i 
II. I 


11. ■■ 

1  3.S 


CALCIUM 

irs) 

?15. 

??1. 

199. 

1.39. 
53. 

43?. 
510. 
333. 
414. 
4?1. 
467. 
96. 
1  11. 

3. 

9. 

.  1'*. 
14. 
?1. 
1?. 
41. 

?3. 
7. 
?6?. 
?48. 
?4  3. 
1?3. 
?1H. 
?43. 
110. 
137. 

70. 

60. 
1  12. 
1  12. 

73. 
3?4. 
349. 
349. 
217. 
2P4. 
1  14. 
141. 

R7. 

70. 

77. 
109. 
5?H. 

45. 

73. 


M4G»<ESHJH 
(MGI 

131. 

13P. 

in. 

115. 
104. 

51. 

?90. 
366. 
199. 
29?. 
301. 
351. 
47. 
124. 
1. 


4. 

H. 
?9. 
66. 

?. 

?OFI. 

?0H. 
202. 
110. 
29rt. 
265. 
20s. 
1132. 
132. 

77. 

71. 

65. 

72. 
310. 
309. 
246. 
199. 
193. 
261. 
2I3S. 

HI. 

65. 

5«. 

92. 
432. 

41. 

63. 


SODIUM 

INA) 

13fi. 
143. 
140. 
143. 
151. 
190. 

95. 
119. 

77. 
119. 
119, 
114. 
650. 

1". 
127. 
21"  . 
291. 

75. 
45^^. 
19H. 
3?1. 

43. 
3H0. 
100. 

«1, 

71, 

98. 
191, 
193, 
152, 
135, 
1?4. 
UR, 
396. 
3B7. 
420. 
115. 
1  16. 
1?7. 
110. 
2?0. 

1R. 

93. 

40, 

24. 

23. 

59. 

119. 

202. 
1?2. 


POTASSIUM 
(«  ) 

H.O 
fl.H 
P. 9 
8,H 
«.4 
P.l 

11.3 
4,6 
7,7 
4,3 
9,9 
9,0 
fl,5 
2,  7 
2,5 
4.2 
4,3 

13.4 
3.0 
3.7 
5.H 
4,n 
5,4 
4,1 
7,H 
7,0 
P.  3 

n  .3 

11.0 

10.7 

11.? 

11.0 

11  .5 
9.4 

10.4 

10.3 

21.5 

22.4 

25.1 
7.7 

13.1 
5.7 

1, 1 

3,9 

3.3 

3,4 
5,1 
13,4 
6,0 
5,3 


!»0N 
(f  E) 

.03 
.02 
.01 
.01 
.01 
,21 
,03 
.05 
,01 
.01 
,02 

1,H2 

,01 

:       .01 

?.?h 
.  13 
.01 
.01 
.01 
.01 
.01 
.01 
,12 
,04 
,02 
.0? 
,Ph 
,05 
.05 
,01 
.07 

3.06 

2.  30 
.03 
.01 
.34 
.03 
.01 
.08 
.01 
.01 
.18 
.01 
.01 
.0? 
.01 
,06 
.1  1 
.01 
.01 


MANGANESE 

(MN) 

.51 
.36 

<  .01 
.23 
.01 
.07 
,95 

1,69 

.01 
1.7fl 

.70 
1,:'5 

,01 

<  ,01 
,0] 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 

<  .01 
.14 

<  .01 
.01 
.10 
.14 

,1 1 

,?8 
,37 
.45 
.?1 
.05 
,01 
,05 

<  ,01 
,01 
.27 
,?4 
,0P 
.1? 
.17 
.  I  7 
.16 
.01 
.01 
.11 
.11 

2.47 

<  .01 

<  .01 


SILICA 
(SIO?) 

17.4 
15.4 
14.3 
17,1 
15.3 
14.3 
16.9 
1  1.1 
11.3 
IB.? 
17.3 
16.0 
10.9 
10.6 
20.7 
1  3.5 

7.9 
1«.0 

9.5 

6,9 
13,? 
14.? 

7,7 
15.0 
15,3 
15.5 
18,7 
13.H 
13.7 
I  8.9 
19.9 
24.3 
36,? 
13,? 
13.5 
11.1 
19.3 
17. P 
2?. 9 
?0.1 
II.) 
12.4 
!?.0 
19.1 

IR.a 

?0.5 
14.7 
24.5 
10.0 
14.1 


I 

vo 


ofjOTFi) 

INOICATFD    CONCF.-JTRArlONS 


APF     Ti-J    HH  Lir,PAt.iS    PfP    LITFP     (MG/L)     fXCEPT    AS    '|(i1f 
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Q 


C 


© 


© 


#^, 


OrSSOLVFD 

SODIUM 

SPFCIFIC 

soLns 

ADSORPTION 

CONDIICTANCF 

Pm 

RICARBONATr 

CAhJBONATF 

SULFATE 

CHLORIDE 

FLuriwiot 

ni  I^JATF 

(TALC, AS 

SATIO 

(MICBOMHOS 

(LAROHA- 

f  JVT-Jr.jT  iNr, 

LOC»TION 

{HC03) 

(Cn3) 

(=.04) 

(CL) 

(F) 

(;iij3    «S    N) 

wesinjF) 

(S.A.R.) 

AT    25    C) 

Toay) 

iUillffi) 

PN    41E 

35DA80 

I 

Ain. 

0. 

R62. 

7.4 

.11 

i6Rn. 

1.8 

?1T1. 

7.31 

•"C-&Y     CilSL 

?N    «!E 

3'iDaRD 

1 

Ml. 

0. 

B30. 

7.0 

1,13 

1664. 

1.9 

2144. 

7.?7 

n<:«»»     C-~'iL 

2N    *1E 

350&BD 

1 

<>■*'>. 

0. 

704. 

5.3 

<        ,1 

1,11 

1331. 

2.2 

'    lfl40. 

7,B3 

-Ctr    CiiAL 

2N    ♦!£ 

35D4RD 

1 

620. 

0. 

74-5. 

7.3 

2. OP 

1542. 

2.0 

2068. 

7,76 

XC*  »»      C    iSL 

?N    41E 

3SnAFiD 

I 

S4?. 

0. 

652. 

5.9 

<        ,  1 

.07 

134H. 

2.4 

17<)6, 

7.B4 

-c-/.  <   cai 

?N    *1E 

3S04BR 

1 

5S3. 

C. 

2H4. 

4.1 

.25 

1177. 

4.5 

1370. 

7.B7 

•<r«iv   r.itt. 

?N    *1E 

3504H0 

? 

366. 

0. 

2102. 

15.0 

1.67 

3144. 

.9 

3419. 

6.6B 

-■■Sr"  n    rnei_ 

?N    »1E 

3S0ARD 

2 

566. 

0. 

p-it?. 

1'^.2 

1  .04 

3709. 

1.0 

3731. 

7.01 

oOSt'S"'    C'AL 

?N    ♦IF 

3SD4R0 

? 

3QR. 

0. 

1415. 

H.5 

1.22 

224R. 

.« 

2541. 

«.12 

cnsrF'i"'>    COAL 

?N    *1E 

3'inAHD 

2 

S17. 

0. 

2n'J8. 

16.9 

3.'.rl 

3277. 

1.1 

3644. 

7,  OR 

dnst^»^''i^    COAL 

2N    41E 

3S04B0 

? 

333. 

0. 

2166. 

14.3 

<        ,  I 

^.^6 

3220. 

1.1 

3510. 

7.69 

005r't-.!J     COAL 

?N    41E 

BSDAPn 

? 

*H3. 

u  • 

241R. 

15.9 

<■       ,  J 

3,5(1 

3635. 

1.0 

3770. 

7.P7 

j.lSfrP'ii;    COAL 

IN    37E 

I3CARB 

1 

307. 

7. 

l'^3S. 

9,4 

,45 

2516. 

13.6 

324a. 

R,51 

P(H-iMsii.;    COAL 

IN    3flE 

I'iCRHH 

1 

44R. 

0. 

52'^. 

10,5 

1,/H 

10i^3. 

1.0 

1549. 

rt.04 

•<ijSf<i!C--C!^Ar     C 

IN    3nE 

IQCrfBfl 

2 

136, 

0. 

131. 

3.3 

1  .OH 

313. 

16.9 

600. 

R.n5 

e,-^-lt^,^;u■J   criAL 

IN   3«E 

29RRR0 

1 

♦  O'.. 

34. 

12Q. 

72,0 

.^A 

731. 

22.1 

1214. 

fl,74 

j.lSf  ='lA-»CK4r     c 

IN    3flE 

?<}Re!RO 

? 

3«0. 

24, 

304. 

H,6 

.03 

R64. 

16.3 

1390. 

R.50 

•^O-^IN-^UN     COAL 

IN    3PE 

3nnn«P 

? 

103. 

0. 

165, 

6,0 

.       .')1 

35h, 

3.6 

549. 

H.05 

S^Sr -■lli-'-C'<3Y     C 

IN    3PE 

30Dnfm 

3 

31P. 

14. 

744. 

9.3 

l.OB 

1417. 

24.2 

2163. 

M,53 

».)-iwt;ii-:    coAi 

IN    3flE 

3ipnHA 

2 

40«. 

S. 

132. 

2.9 

.'1 

570. 

lO-.S 

933. 

R,42 

-JO-J-'r-'O-^C'lV      C 

IN    3«E 

3inn«4 

3 

3S6. 

24. 

S56, 

6.1 

.  t? 

11  77. 

9.5 

1754. 

B,'.2 

i-   -jT\~o%    ^'lAL 

IN    3«E 

3'>RnAD 

1 

3»1. 

0. 

y5. 

3.3 

<        ,  1 

,^> 

442. 

1.0 

730. 

R.23 

Qr.Sc -"■■■>-"C-<4r    C 

IN    3He 

SftBDAO 

? 

37R. 

2«. 

464. 

6.5 

.14 

10H4. 

32.7 

1660. 

fl.75 

a  >,-!Mt...T;     r.-ilL 

IN   *nE 

nccoc 

1 

S71. 

0. 

1346. 

IH.O 

<                s    1 

.06 

2319. 

2.0 

2R30. 

7,R0 

"C-J''     LijCl. 

IN   40E 

I3CC0C 

3 

6ns. 

0. 

1003. 

6'.,0 

<       ,  1 

.OS 

1927. 

.9 

2420, 

7,52 

3._!5fs   ■!    rniL 

IN  4nE 

nccDc 

3 

601. 

0. 

1037. 

■^.7 

.29 

1RM3, 

.9 

2326. 

7.17 

JnSt.-  lu    C^IL 

IN    4nE 

ISRPAR 

SIR. 

0. 

727. 

20,4 

,2J 

1410. 

1.^ 

1RB4. 

7,37 

a  isr  ''■•i'>    CiiL 

IN  4nE 

ISBROA 

'i76. 

0. 

I^IQ. 

109,0 

,45 

2649. 

2.0 

3249. 

7.66 

JO-itt-'iLi    C^^IL 

IN    4nE 

15PR0A 

707. 

0. 

1423, 

24.9 

,11 

^522. 

2.0 

3113. 

7,44 

PDSf^.Hl     COiL 

IN    40E 

I5BQBH 

S46. 

0. 

105R. 

13.5 

3.66 

1R90. 

1.9 

2444. 

7,R5 

Q.lSrC-  jij    C  lAL 

IN    40E 

ISRnPR 

64S. 

0. 

782. 

^H.2 

.34 

1613, 

1.8 

2179. 

7,4fl 

JOSf°-"    C04L 

IN    4nE 

ISRHBO 

24  3. 

0. 

T6^. 

23.* 

,03 

1259. 

2.0 

174R. 

6.32 

-!.-><,-:•■    ,J     COIL 

IN    40E 

ISROrtD 

2'-. 

0. 

664. 

17.% 

<        ,  1 

,56 

99'i. 

2.4 

1305. 

5.42 

POS-  m;.;,    C  ml 

!N    4IE 

IPCAR 

2 

677. 

n. 

B53. 

11. e 

.99 

IflOO. 

7.2 

2458. 

7.4R 

tC<ti     LL/tL 

IN    41E 

ISCAfl 

2 

714, 

0. 

789. 

9.1 

.99 

173fl, 

7.2 

2460, 

7.40 

»•'"!•  5V     COIL 

IN    41E 

IHCAB 

2 

Sq7. 

0. 

R70, 

7.9 

.27 

1  f59. 

6.4 

2350, 

7.R9 

«'^^4T     C>l«i. 

IN    41E 

inoAC 

1 

3«3. 

0. 

1'570. 

10. 0 

<       ,1 

l.lri 

2960. 

1.1 

3267, 

7.27 

"•rxAy    CiltL 

IN    4IE 

lOOAC 

1 

402. 

0. 

1955. 

11.5 

1,40 

29R0, 

1.1 

3407, 

7,63 

••r«AY     COAL 

IN    4IE 

IDDAC 

1 

I'i4. 

0. 

200«. 

10.5 

.16 

2P65, 

1.3 

3140, 

7.95 

••CSY    COAL 

IN    41E 

4AAPH 

S04. 

0. 

1139. 

10.9 

.23 

2047. 

1.9 

2537, 

7.46 

"Cxar    COOL 

IN    41E 

lOAACO 

I 

R16. 

0, 

12H0. 

H,9 

<        ,  J 

.50 

24  1  2. 

2.5 

2930, 

7,70 

•«C«  6Y     C.IAL 

IN    ♦IE 

lOAACn 

2 

781. 

0. 

fl69. 

9.3 

.07 

1743, 

1.0 

2219, 

7,70 

JTSFSl'il    (    lAL 

IN   ♦IE 

lOAACn 

2 

<»?3. 

*. 

919. 

7.0 

<       ,1 

.?S 

1920, 

1.0 

2493. 

7,55 

JxSfcM.fO    COAL 

IN    41E 

l?AOnD 

1 

374, 

0. 

lOS. 

6.0 

.33 

726, 

.7 

1114. 

7,5rt 

-C--T    C04L 

IN    41E 

laAono 

1 

?<)?. 

0. 

15«. 

64.0 

.  36 

54«, 

.5 

RTO. 

7,';4 

'^C-  W    COAL 

IN    41E 

iPADno 

1 

364. 

0. 

I<i«. 

7.6 

.29 

537, 

.5 

703, 

R.ll 

"CivAT    Coil 

IN    41E 

i?AnnD 

1 

3R3. 

0. 

444. 

6.6 

.14 

919. 

1.0 

1300, 

7,91 

"C<5T     COiSL 

IN    41E 

i?ADno 

2 

1037. 

0. 

233«. 

41,0 

,21 

4009. 

.9 

♦  444, 

7,44 

ko<,^h":'   C'lAL 

IN    41E 

16flAP 

I 

440. 

0. 

344, 

■^,0 

,n3 

H70, 

5.2 

1310. 

R,25 

■aCav     LIAL 

IN    41E 

1'>RAH 

? 

SS?. 

0. 

269, 

4.1 

,1'. 

fl27. 

2.5 

1234. 

7,73 

JO-,rr'on    COIL 

I 
I 


•notf» 
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OFHIH 

1  ANO 

OHSFPVATTON 

WfLL 

TO 

SURFACE 

WELl 

nF-'T'-i 

*A  ItR 

ALTTIOOE 

0*TE 

It'-IPEW- 

CALCIUH 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 

SILICA 

Lnc*TION 

nFSlGNATION 

(«FTEOSI 

IMF lEftSI 

C-tETEWS) 

SAMPLE  0 

AT.I"H  (C) 

<rA) 

(MG» 

(NA) 

(K) 

(EE) 

(MN) 

(SI02) 

IN    «1F 

IftBAfl 

? 

S-19 

SM.«. 

10. 1« 

1039. 

7-12-74 

*7. 

83, 

U*. 

4.9 

<       .01 

<        .01 

I  2.4 

IN    41F 

2in«nr 

1 

US- J 

47. s 

2i).<J9 

lOlS. 

10-    1-75 

1^8. 

166. 

352. 

10.8 

.02 

.07 

1  1.6 

IN    *1E 

2If)»0C 

? 

■tS-4 

3*>.w 

|v.ft7 

lOlS. 

♦-    5-T6 

14.0 

150. 

160. 

62. 

5.0 

.54 

.2* 

16.0 

IN    41E 

??*rnc 

1 

4'-,-4l 

S'.-i 

4*3. 7'S 

1030. 

3.?H-7fl 

1  1,0 

212. 

159. 

♦  22, 

17.8 

.02 

.02 

13.9 

IN    i,lF 

3?Acnc 

? 

hS-4? 

44,'; 

32. SS 

103". 

3-2H-78 

12.0 

1*4. 

170. 

70. 

5.0 

.01 

.10 

18,7 

IN    41R 

??»cnc 

? 

H'-,-t? 

44.', 

1030. 

7-21-77 

if-.,-. 

17b. 

183. 

61. 

7.3 

.03 

.«5 

14.3 

IN    Air 

?7»-<rc 

1 

u<^-?r, 

2Q.IS 

14. Ot 

99fl. 

3-2H-7B 

1  <.'! 

250. 

250. 

229. 

10.4 

.05 

.32 

16.9 

IN    *1E 

?74Hrc 

I 

f^-PO 

?«.«, 

14. B3 

<)9H. 

1-10-^6 

216. 

237. 

223, 

14.9 

.03 

.18 

14.  1 

IN    4  IE 

27A^CC 

? 

H<;-P1 

PT.^ 

Ib.fll 

tiqq. 

3-2R-78 

1  1.(1 

250. 

264. 

200. 

9.0 

,03 

.20 

17.5 

IN    -.IF 

?7«WCC 

? 

"'•-21 

?'^.^ 

16.  3' 

QQQ. 

7-21-77 

11.5 

?50. 

242. 

216. 

9.5 

,03 

.22 

14.6 

IN    4  IE 

?.^^»cz 

? 

-=.-21 

2'3.«> 

1  l.<i\ 

999. 

f>-    4-76 

11,0 

232. 

225. 

217. 

9,2 

.01 

.20 

13.9 

IN    41E 

?74=1CC 

? 

HS-21 

2s. »> 

1  ?.1Q 

<JQ<J, 

4-    5-76 

1?.H 

239. 

228, 

238. 

9.4 

1.53 

.25 

14.4 

IN    41F 

?7f 6DC 

I 

"S-lT 

17.2 

2?. 71 

1013, 

3-2H-78 

12.') 

400. 

356, 

232, 

9.2 

.03 

.26 

16.7 

!N    41E 

?7HAr)C 

S 

^s-^S 

4h.M 

T  1  .  0  <» 

1  1 1  s , 

3-28-73 

12.1) 

?90, 

250. 

3'.9. 

10.9 

.0  3 

.10 

15.7 

IN    4lF 

PT^tiCiC. 

S 

'i'^-^-i 

^  j.o 

12.4-' 

lois. 

6-    4-76 

1 ,  ■ ,  0 

25J. 

164. 

434. 

11,5 

,01 

.16 

1  0.4 

IN    41F 

?7Mr)Ha 

1 

'Is-l  "1 

is.o 

2'^.IB 

lois. 

3-28-78 

12,-. 

225. 

211. 

147, 

6,9 

,02 

.12 

14,8 

IN    4IE 

27HORA 

1 

ns-I- 

l-'.O 

2^.6^ 

inis. 

6-    4-76 

l^.n 

303, 

267. 

188, 

9,0 

.01 

.  19 

I  2.6 

IN    4  IE 

?7Pr)H6 

? 

"S-17 

»n.'< 

11.11 

1017, 

3-?8-7a 

1^.1) 

400. 

386. 

251. 

9,6 

,03 

.22 

15.2 

IN    4  IE 

?7C40C 

kc;-  t  1 

47.  ? 

19. 26 

10H2. 

3-28-78 

lr',S 

600, 

472. 

136. 

8,6 

,04 

.33 

17.6 

IN    41F 

P7C54C 

H^i-^ri 

47.^ 

1'^.n 

I0A2. 

7-21-77 

1  i.o 

510, 

492. 

143. 

9,3 

.04 

.40 

16.0 

IN    41F 

?7r>aac 

1 

"^-l* 

I'^.'S 

9.97 

990, 

3-28-73 

1  r-.ll 

280, 

276. 

122. 

9.3 

,02 

.  08 

17.2 

IN    41F 

?7n/iar 

1 

•i-l* 

is.s 

1  n.sti 

990. 

7-21-77 

1  f.o 

2?4. 

272. 

123. 

7.5 

,03 

,09 

15.5 

IN    41F 

P70A4C 

1 

S-I4 

IS.b 

1  1.2'! 

QOO, 

4-    5-76 

12,1 

428. 

452, 

172. 

9.0 

1.22 

,26 

14.1 

1 

IN    41F 

?7l)A«C 

1 

S-I4 

is.s 

1  3.62 

990. 

i-n-76 

s.O 

438. 

475. 

176. 

9.2 

.03 

.20 

14.1 

IN    41E 

?7n«aC 

! 

S-14 

15.5 

14.2(1 

990. 

2-    5-75 

'i  ,0 

374. 

456. 

176. 

9.3 

,01 

.04 

12.6 

IN     41E 

270440 

1 

S-14 

11. '^ 

14.31 

9<jn. 

5-23-74 

1 1  .-^ 

415. 

421. 

169, 

9.1 

,05 

.33 

1  5.5 

IN    41F 

?7n«4C 

! 

S-14 

IS.'^ 

14.33 

P90. 

2-    4-r4 

34  6. 

426. 

173. 

9.0 

.02 

,06 

13.9 

IN    41E 

?7n4AC 

1 

S-I4 

is.s 

14.33 

990. 

9-25-73 

354. 

465. 

167. 

10.2 

.04 

.02 

1  1  .9 

IN    4IF 

P70CC4 

«S-  JI 

44  .  > 

42.0'- 

1021. 

3-28-78 

1,^.-. 

452, 

480. 

280. 

9.4 

.04 

.50 

17.8 

IN    4  IE 

27no4C 

? 

^■^-l? 

Tl.S 

10.31 

995. 

3-P8-7H 

1  -■ .  0 

358. 

342. 

136, 

15.0 

.11 

.55 

15.6 

IN    4?F 

1  7riqDA 

=;-» 

■*,=' 

b.e3 

97tl, 

3-30-78 

\  U  ,11 

445. 

1515. 

3?5. 

7,5 

.08 

.  03 

11.8 

IN    4?E 

170^04 

S-4 

».'i 

<>.3n 

97fl. 

7-20-77 

1 1..'1 

405. 

730, 

173, 

".0 

,05 

.  15 

12.0 

IN    4?F 

I70-1D4 

<;-4 

«,«i 

b.99 

97H. 

4-    7-77 

1 1.-^ 

356. 

590. 

174. 

7.8 

.03 

.02 

11  .6 

IN    4?E 

17|-|Bn4 

s-4 

h.^i 

b.93 

97F1. 

2-14-77 

1  i  .;i 

400. 

775, 

185. 

8.4 

.07 

.02 

I  1  .0 

IN    4?E 

I7D'fPA 

«;-4 

^.H 

b.t>3 

97H. 

2-19-77 

11.11 

340. 

665, 

170. 

7.9 

.05 

.08 

I  1  .8 

IN     43F 

I70'in4 

s-4 

"•.S 

■,.76 

97S. 

11-18-76 

11.0 

445. 

800, 

209, 

9.2 

,1)5 

.  1  1 

9.7 

IN    4?F 

I 7nnnA 

s-^ 

-  •*,=i 

•5.72 

975. 

10-     7-76 

1  1.5 

530. 

945. 

213, 

7.0 

<        .01 

.09 

1  3.4 

IN    4?E 

WflBDA 

•k-i, 

■".H 

S.65 

975. 

8-17-76 

11,1) 

540. 

1125. 

234, 

9.4 

.07 

.03 

10.0 

!N    4?F 

I7n^n4 

<;-4 

•'.^ 

b,60 

975. 

6-23-76 

'',  '^ 

535. 

1530. 

332. 

10.0 

.05 

.09 

9.3 

IN    4?E 

I70Bn4 

S-^ 

■!.•> 

b.74 

975, 

6-    3-76 

•y ,  ij 

525. 

15B5. 

330, 

9.7 

.08 

.05 

9.0 

IN    4?F 

170404 

S-4 

H,S 

S.7« 

975. 

4-l4-"76 

11.1 

440. 

852. 

200, 

fl.6 

.  07 

.10 

10.7 

IN    4?E 

I7n«n4 

S-4 

-SQ.S 

'3.7S 

975. 

1-14-76 

•'.  0 

286. 

532, 

151, 

7.9 

.03 

.02 

1  3.9 

IN    4?E 

I704D4 

S-4 

'».S 

5,72 

975. 

9-30-75 

352. 

779, 

203. 

9.1 

.07 

.49 

12.9 

IN    4?F 

i7nRn4 

C-4 

fl.-i 

6.26 

975, 

6-    6-74 

2s,  0 

149. 

121. 

105. 

6.0 

<        .01 

.28 

23.0 

IN    4'E 

17DaOA 

S-4 

H.S 

■5.97 

975. 

9-25-73 

142. 

123. 

44. 

5.5 

.92 

.26 

15.2 

IN    4?E 

IB44AR 

? 

S-3 

21.2 

13. S« 

988. 

3-30-78 

12.0 

150. 

105. 

118, 

6.0 

.02 

.02 

16.4 

IN    4?F 

I flA44R 

? 

S-? 

23.2 

13.94 

988. 

7-20-77 

13.5 

150. 

105. 

125.. 

6.7 

.03 

.04 

15,0 

IN    4?E 

IIAAAf! 

? 

S-3 

21.2 

1  J.S9 

988. 

4-    4-76 

1  f.O 

150. 

101. 

130, 

6.7 

.05 

.12 

14.5 

IN    4?E 

lS444n 

? 

S-3 

23.2 

13. S9 

988. 

1-12-76 

10. s 

123. 

81. 

106. 

5.9 

.02 

.01 

14.5 

IN    4?E 

lB4AAfl 

2 

S-1 

21.2 

13.'J2 

98B. 

2-    4-75 

I  ,)  .  0 

117. 

fll. 

103, 

6.0 

<        ,01 

<       .01 

14.5 

oNOTE" 
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^ 


C- 


ftirni<nnMRTE     caprowate 

SULFATE 

CMLDKint'       FLJi 

i-I.")h 

■Jl  TflATF 

(CALC.A" 

LOCATION 

(nrrn 

(C051 

(504) 

(TLi                     If) 

(^iO^    AS   N) 

BESinuf 

IN   41E: 

lABAf) 

2 

u-?ii 

n. 

'335. 

h.'i 

,  1 

•  OS 

B13. 

IN    41E 

21DAr>C 

h>^ 

n. 

143H. 

in.H 

.02 

2494. 

JN    41€ 

21DADC 

H^o 

0. 

fSfil. 

'>.♦ 

.24 

1370. 

IN    ♦!£ 

??*cnc 

'.^-l 

0. 

l'.?0. 

10.4 

,nh 

2713. 

IN    *1E 

2?Acnc 

-.70 

0. 

6yfl. 

'^.D 

.Oh 

139!  . 

IN    *1F 

??Acnc 

^17 

1. 

'527. 

It'^.O 

2. '.7 

Ih24. 

IN    4ie 

PTAdCC 

71? 

0. 

l"^!". 

l'=..l) 

.01 

2(S4!. 

IN    ♦!£ 

27ABCC 

"^nn 

0. 

1S17. 

11.-' 

.02 

2519. 

IN    ♦!£ 

2T*qcc 

71H 

0. 

14M»,. 

1  1  .n 

.?>* 

?hOI  . 

IN    ♦IE 

P7ARCC 

7-<« 

0, 

140f.. 

I'^.n 

.41 

2-.20. 

IN    41E 

27AHCC 

h^t^ 

n. 

n77. 

l.h 

.n« 

2419. 

IN    41E 

?7ARCC 

7n^ 

(1. 

140'>. 

in. 7 

.02 

249S. 

IN    ♦IF 

27PAOC 

lilaT 

fl. 

P"!-*. 

11.1 

.  JH 

3S57. 

IN   ♦!£ 

P7PA0C 

hw? 

n. 

W30. 

12. -> 

!.'>7 

3220. 

IN   «1E 

27RanC 

^f*M 

n. 

1^7rt. 

?".  < 

<        .02 

2J20. 

IN    41E 

?7«nRA 

7in 

0. 

111"*. 

7.-* 

."?. 

2091, 

IN    41E 

27HnHA 

"17 

n. 

l'^71. 

7.7 

<        .112 

27f.l. 

IN    «1F 

?7onHA 

''H     1 

0. 

P"^*^. 

;  is.ii 

.'.4 

3K9  1. 

IN    ♦IE 

?7C«AC 

-1  •7 

n. 

2'>?7. 

2^.0             < 

.04 

4247. 

IN    ♦IF 

?7C^AC 

,-.', 

1. 

2*1  i4. 

2-..  11 

.O'- 

4299. 

IN    ♦!£ 

?7n64C 

■  .,f 

n. 

14R<,. 

22.0 

1              •  '^ 

2i41. 

IN    ♦IF 

?7n«AC 

*)  *  ^ 

0. 

1410. 

34.(1 

.03 

2473. 

IN    ♦!£ 

?7nAAC 

7  I'l 

0, 

?S?H. 

2S.  4 

.03 

399  3. 

IN   ♦IE 

?7nAAC 

7-  "^ 

0, 

P^hii  , 

2?.H 

.32 

40'<0. 

IN    ♦!£ 

?70AAC 

-/■^ 

0. 

?SSO. 

2T.1 

•  oq 

JHH4. 

IN    ♦!£ 

a7nAAC 

r.s 

0, 

?17«, 

2<..f 

.29 

37H2r 

\N    41E 

?70««C 

-."^n 

n. 

?4Sh. 

21.2 

.29 

370><. 

IN    ♦!£ 

?7nAAC 

M.1 

n. 

2A1S0. 

2'..  ft 

.2! 

39S9. 

IN    ♦!£ 

?7DCCA 

u.,q 

n. 

?<'!7, 

I''.  11 

.bH 

iblfl. 

IN    41E 

?7rt04C 

2 

71^^ 

0. 

l'»4S. 

P*  .  0             < 

.1(1 

3190. 

IN    ♦?£ 

17DRnA 

411 

0. 

7'?4. 

9  7.0 

S.42 

9R4  1, 

IN   ♦?£ 

i7DRnA 

•iJ<5 

0. 

-t'-lii. 

!»<-<.fl 

.OH 

bISS. 

IN    ♦?£ 

17DRD4 

<,f,o 

0. 

3149. 

-.'>.<l 

.2! 

4SMS. 

IN   ♦?£ 

i7r)RnA 

«I,J 

n. 

♦  0P2. 

12,0 

<       .02 

b634. 

IN    ♦PE 

ITDilPA 

^■-P 

0. 

•^♦os. 

♦  4.11 

.ilR 

'.'^32. 

IN    ♦?£ 

17DRn4 

S1Q 

n. 

♦  1  m. 

■J  2.  11 

.04 

b9h9. 

IN    4?E 

WDHDA 

'ifl? 

0. 

4702. 

16-V,.)               < 

.1ft 

bH^b. 

IN    ♦?£ 

17nH0A 

-1' 

n. 

SftOH. 

flS.O 

.31 

7910. 

IN    ♦?£ 

17nRDA 

♦  '^1 

0. 

7Sbl, 

4.7 

2.1s 

1020h. 

IN    4?E 

17DR0A 

<..-.  1 

0. 

7'>0'>. 

1  12.^            < 

2.J3 

10401. 

IN    ♦?£ 

17DHnA 

^.:U 

0. 

♦  210. 

7  1.0 

2.43 

6034. 

IN    ♦?£ 

UHRDA 

S   IT 

n. 

2S71. 

43.  ) 

.4S 

3H6R. 

IN    ♦?£ 

17DHDA 

^  q  ■* 

0. 

3'^bll. 

■<l  .n 

.S4 

SbOH. 

IN    ♦?£ 

17nRDA 

ijc.n 

0. 

*i4S. 

in.7 

.Irt 

133S. 

IN    ♦?£ 

URRPA 

IXT 

n. 

t^Ttt. 

".7 

.02 

1  Ibl, 

IN    4?E 

IflAAAR 

? 

211 

0. 

Rftb. 

ft.O            < 

.  J9 

1   174. 

IN    ♦?£ 

19A4AR 

2 

?1    !. 

0. 

A«if>. 

3.-:. 

.39 

1  177. 

IN    ♦?£ 

11AAAB 

2 

P14 

n. 

R46. 

IS.H 

.79 

13bl. 

IN    APE 

1PAA4B 

2 

>30 

0» 

'>4D. 

<..! 

.6H 

lonp. 

IN    ♦?£ 

IRAAAS 

2 

?!o 

3. 

"iPS. 

3.4 

l.iR 

10b2. 

DISIDLVFO    SODIUM 
SOLIOS    AOSOOPTION 
RATIO 
(S.A.i).) 


2.3 
4.5 

.H 
5.3 

.9 

.8 
2.5 
2.5 
2.1 
2.3 
2.4 
2.6 
2.0 
3. ft 
5.2 
1.7 
1.9 
?.l 
1.0 
1.1 
1.2 
1.3 
1.4 
1.4 
1.4 
1.4 
1.5 
1.4 
2.2 
1.2 
1.7 
1.2 
1.3 
1.2 
1.2 
1.4 
1.3 
1.3 
1.7 
1.6 
1.3 
1.2 
1.4 
l.S 

.7 
l.fl 
1.9 

2.0 
1.8 
1.8 


SPECIFIC 

CONDUCTANCE 

HH 

(MICSOMHOS 

(LABOBA- 

rONTBIHOTlN 

AT    25   CI 

TOPY) 

AOUIFFP 

1249. 

■i.no 

HdStHijD    COAL 

3055. 

7.'*5 

MCKAY 

COAL 

17«S. 

7.67 

wnSFHdO    COAL 

32a8. 

7.49 

MCKAY 

COAL 

195S. 

7.17 

«0Sei3tll>    COAL 

2031. 

7.77 

rfOSER 

10    COAL 

3079. 

7.39 

.  MCAY 

COAL 

2906. 

7.79 

wCrCAY 

C'lAL 

30S7. 

7.15 

MC'AV 

COAL 

3007. 

7.2H 

■■ir«  AY 

C',>AL 

3042. 

7.06 

•-'("-  AY 

COAL 

3061. 

7.75 

ITKJY 

rUAL 

40O9. 

7.nt; 

K/flSf  "1 

")    COAL 

3670. 

7,4R 

"Cf  AY 

COAL  ■ 

3994. 

7,35 

^"^«4Y 

C(.'AL 

2566. 

7.10 

w.isi-:t<i 

iir    CaAL 

3334, 

7.25 

priS*^Prni    rOdL 

4I7H. 

7.07 

►fll5f  "1 

•0    COAL 

44R0, 

7.09 

.3-3SKH1 

111    COAL 

4499, 

7.?0 

rJ{)Sf-M' 

II)    COAL 

3001, 

7.17 

rtr-inr 

COAL 

2912. 

7.24 

'^C'  AY 

CdAL 

4303. 

7.59 

TKAY 

COAL 

42R0. 

7.33 

vlTKAY 

COAL 

4254. 

7.6H 

MCvAY 

Ci.'AL 

♦  135. 

7.40 

•'C"  AY 

COAL 

394H. 

7.66 

MC"  AY 

tUAL 

4210. 

7.76 

■<rK  ov 

(ii-AL 

4S92. 

6.99 

^nSl^Riid    COAL 

3630. 

6.9b 

MC'AY 

COAL 

1621  . 

7, TO 

MCK4r 

COAL 

532-1. 

7,16 

>Tr  4r 

COAL 

427ft. 

7.60 

•^CKAY 

C06L 

5572. 

7,57 

Mr«  aY 

C'lAL     - 

4920. 

«,^2 

MCKAY 

COAL 

5972. 

7.54 

MCKAY 

COAL 

6555. 

7.20 

•1C"-4Y 

COAL 

7319. 

7.57 

MCk  4Y 

COAL 

9126. 

7. "4 

TK  AY 

COAL 

9257, 

7.40 

r^CK  AY 

COAL 

604R. 

7. "^3 

mCk  ay 

CCAl 

4050. 

7,44 

"CK  AY 

L04L 

5191. 

B,?fl 

MfKAY 

COAL 

1572. 

B,09 

•*C,-<  4Y 

CdAL 

1520. 

7.94 

MCKAY 

COAL 

1741, 

7.6H 

<»C!'4Y 

CdAL 

17R1, 

7.52 

MCtiY 

COOL 

17R5, 

7,72 

•iCk«Y 

CHaL 

1451. 

7,99 

MCAY 

C-)AL 

1465. 

8.33 

MCKAY 

COAL 

g 


•NOTF» 

INDICATED  CONCENTBAT  I'tiS  ARE  IN  MILLlhMAMb  l^FB  LITFR  ("G/D  tXCt-^T  AS  NOrt'3, 
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OfHtH 

L*Nn 

OHSFPVATTO'J 

wrut 

ro 

SUl»f*CF 

~FLL 

OFf  TM 

tflTER 

AtTlTUOe 

0*TF 

lEMPFR- 

CALCIUX 

HASNESIUXI 

SOOIUX 

POTASSIUM 

I«ON 

MAMGAMESF 

SILIC* 

L0C4T ION 

nrsniNATTO'J 

(METFfS) 

(WFTESS) 

(METERS! 

SAHPLFR 

Alil,<E<C> 

(r«) 

(■4GI 

(NO 

i") 

(FFI 

(tWl 

(SI02) 

IN     -.PF 

1  >1  Ji  4  »  u     ? 

<;- 1 

?3.? 

14. OS 

•Jnn. 

6-    6-74 

\n. 

R2. 

111. 

S.9 

.01 

.01 

16.7 

IN    <.;>F 

1M«AA!(     ? 

■=-3 

P3,P 

14. OS 

9B«. 

2-    4-74 

112. 

87. 

123. 

5.4 

.03 

.04 

15.2 

IN  ',?^ 

IflAAAH     ^ 

S-3 

P3,P 

13.14 

OBH. 

9-2S-7  3 

136. 

101. 

137. 

6.8 

.44 

.17 

14.3 

flS    TjF 

:1?0hHC 

-"-PI 

hP.1 

W.43 

llHft. 

3-23-76 

14.0 

2. 

1. 

310. 

4,8 

.06 

.01 

9.7 

-JS     40L 

j4i)HnA 

I-  ,f,-o 

4fl.^ 

l.?fl 

1043, 

5-     l-7b 

11.0 

S. 

1. 

416. 

3.6 

.09 

< 

.01 

9.1 

■'S    <.3F 

^mooii 

-iv(--l 

n3.7 

P?.»S 

1076. 

6-20-74 

IB. 

12. 

694. 

7.1 

<        .01 

.02 

B,9 

•<S     4  (F 

?nniinii 

■H-.-r-i 

n3.7 

?l.i"=, 

1076. 

6-    4-7» 

17. 

IS. 

670. 

6.7 

<        .01 

.01 

9,6 

'i'i     44F 

3^ori6M 

M,<r-"> 

ST.t- 

1P.P3 

li*n. 

7-    6-77 

IS.O 

10. 

7. 

695. 

S.4 

.11 

.03 

8.6 

t;s    iMt" 

l»?Mir 

,.-  u  -  ^  -t 

o«,  1 

?S.?3 

1207. 

3-19-76 

14.2 

6. 

S. 

26S. 

8,7 

.04 

.01 

10.1. 

ifS    T^F 

lOrfAA      1 

ShF "X-l 

H'..0 

PM.ftS 

IPftl. 

3-17-76 

1-1.0 

S. 

S. 

426. 

4,S 

.12 

.01 

8,7 

OS     I^F 

inrcAA  .^ 

S-.FuA_p    . 

?o.o 

lrt.3P 

1261. 

3-1H-70 

14.5 

/4. 

130. 

21S. 

9,0 

,41 

.04 

11.0 

OS    ^RE 

P?0»I1C 

3s,  1 

S3.  1 

1«.04 

lai^. 

4-2S-7J 

18. 

45. 

1S4. 

7.0 

<        ,01 

< 

.01 

14.8 

QS    TiF 

?1C0A<-1 

3.>f- 

S7.0 

P4.43 

1?12. 

4-1H-7  5 

12, 

♦  R. 

521, 

9.3 

<        ,01 

< 

.01 

15.2 

■is    ^-'^. 

?4u-iHr 

!..», 

-tS.  3 

Id.SO 

ipni. 

h-14-74 

13.0 

9, 

3. 

37q. 

4.2 

<        .01 

< 

.01 

12.6 

as    •?">(■ 

psMi-fJn 

l--,i. 

73.'' 

^^,  3H 

1  101. 

4-24-M 

12.0 

6, 

2, 

44S. 

3,7 

,10 

< 

,01 

13.1 

q-,      ),ir 

?sr  joc 

UJ^ 

44. H 

17.10 

1104. 

6-11-73 

30. 

113. 

4sn. 

9.7 

<        .01 

< 

•  01 

14.3 

i)S     1<<r 

?f^l\-^!i    ' 

S   '-^ 

..1.4 

l-i.b7 

1  IRO. 

4.P4-7^ 

14.0 

4. 

0. 

376. 

2.9 

.02 

< 

.01 

12.4 

•IS    ■(">- 

?7Ar.'r.    ? 

SP4 

33. P 

-1  .4  11 

iPii . 

6-12-74 

11.0 

*, 

2. 

36S. 

2.9 

<       .01 

< 

.01 

7.S 

St.     HCjj. 

?rtcrifi    1 

.,.)-  If. 

■^-.s 

in.n*> 

im. 

11-    4-77 

IS, 5 

10, 

4. 

SHS. 

S.O 

.10 

.01 

12.1 

'JS      ITh 

?«rrn'i   ' 

(J-  17 

3H.4 

S,47 

1  133. 

U-    4-77 

1  ''.S 

4, 

3.      „ 

422, 

5.3 

.44 

.01 

51.8 

as    11K 

?OAHA,\ 

..v-^^ 

"1.4 

?  3 .  ?  n 

1  140. 

3-1 0-76 

1-1.0 

«, 

6. 

102S. 

«.3 

,12 

.01 

10.4 

us    T^ir 

?0.^-!n,)    1 

.    '-P» 

44. S 

rt.3? 

IISI. 

3-    9-76 

10. s 

5, 

7. 

638. 

S.B 

,18 

.01 

8.3 

1 

■IS    I^K 

3P4CAA 

WP-  ^3 

•••I.P 

14. h7 

1  13P. 

10-lM-// 

1  l.s 

>7*. 

239. 

fl7. 

19.9 

.06 

.08 

3S.7 

^O 

qS     TIE 

3?f:'iafi 

vw-<,r, 

10.  ft 

1  3.H4 

114S. 

11-    3-77 

14. S 

54. 

42. 

104. 

12.7 

.11 

< 

.01 

14.7 

00 

■  IS     TQt 

n;))pi) 

» .V  _  ^  7 

110. «- 

1  /.SP 

Uio. 

3-2i-7h 

IS.H 

•*. 

1. 

424. 

9.  '■> 

.10 

.01 

11.3 

' 

OS    4nf 

lilSHA 

.^■'u-  1  0 

P4.1 

4.hO 

1046. 

4-    P-/-> 

12.0 

74, 

57. 

44M. 

12.9 

<        .01 

.01 

14,9 

£)S    ".riF 

OAAOIl 

v»')-l'; 

43. H 

,><■.  3ft 

1067. 

4-30-7S 

11.0 

S. 

2. 

41S. 

4.2 

.59 

.03 

20.1 

<JS    4 OF 

OdCAK      1 

l.S--.f. 

Sil.«. 

p?.so 

in6M. 

4-    4-7M 

l4,0 

3S. 

27. 

2?S. 

7.8 

.03 

.06 

10.1 

OS    4fF 

oncAH    1 

(IS--,.-. 

so.". 

P<?.4'< 

lOftH, 

7-22-77 

14.0 

31. 

23. 

19*. 

7.1 

,05 

.02 

9.0 

4S    4nf 

onci"    I 

ns-sA 

sn.f, 

Pff.hO 

1060. 

4-14-77 

IS.S 

5. 

2. 

430. 

4.6 

<        .01 

< 

,01 

8.8 

OS    4nh 

iK'-rr   1 

,:■!  v-17 

31.^ 

1.94 

1043. 

4-1S-71 

iP.S 

6. 

2. 

42H, 

4.0 

.09 

,01 

8.3 

TS    4(lF 

1^4-IHA 

V.jr-    ^ 

4P.4 

H.op 

1060. 

3-2S-/S 

■<.o 

ni. 

174. 

fl06. 

17.0 

<        ,01 

.01 

14.3 

OS    4  OF 

l->Di-fr 

v..f-    ^ 

f-7.1 

PS.  30 

1070. 

2-2n-7S 

1  l.ll 

7. 

2. 

SS2, 

9.0 

,05 

.01 

20.8 

OS    40F 

nacr'- 

■1  ■.'  1-  - 1  n 

SS.« 

P9.30 

107?. 

2-2S-7S 

13.0 

14. 

4. 

776, 

6.9 

,01 

.01 

9.0 

OS    4'IF 

norrc 

Jul-  -1  1 

T1.7 

PI. OS 

1070. 

2-19-7S 

15.0 

9. 

3. 

6S0, 

S.P 

<        ,01 

.01 

7,9 

OS    40F 

iso-irr    1 

^S-,'.'. 

4'-. 7 

-.03 

104S. 

6-     4-76 

13.2 

6. 

3. 

S32, 

S.4 

,01 

.01 

8,2 

OS   4n^ 

l^A-tCO     I 

,  j-'^ 

41.1 

P4.34 

1067. 

4-    4-7H 

12.0 

*. 

2. 

420. 

3.-<  ■ 

,04 

,02 

10.3 

OS    4nt 

l».A-iro   I 

'.K-O 

4l.l 

PH.fl? 

1067. 

4-    7-76 

13.0 

4. 

2. 

4?6. 

3.7 

,08 

.01 

9,1 

OS    4  OF 

lHARAn 

«1'-I  h 

7P.a 

S7.sn 

1109. 

S-14-74 

S. 

2. 

41S. 

3.6 

,10 

< 

.01 

11,0 

JS    4nF 

?14rrA    1 

«)■  ->^ 

SI1.3 

3S.P1 

1077. 

11-20-76 

10. S 

9. 

3. 

72S. 

6,? 

.07 

< 

.01 

10.1 

OS    4nF 

?T-irri>   1 

.il/f-  -!  ? 

SP.4 

IS. 34 

1056. 

3-27-75 

11. s 

5. 

4. 

612. 

S.h 

.02 

< 

.01 

4.9 

OS    4nF 

ai-^crr.  ? 

■■;-'■"  - 1  3 

')P.H 

lb.?R 

loss. 

4-    4-7S 

12.7 

7. 

3. 

6Sfl. 

6.4 

<       .01 

.01 

8.0 

OS   4nF 

PICHriA 

,.;f  -1/, 

■<o.n 

3.'v6 

10S6. 

2-26-75 

l-.O 

7, 

P. 

6S2. 

6.7 

.21 

.01 

10.6 

OS    4nF 

P4 t ACh 

i-l  -IS 

1  lo.*. 

in.  30 

lOfl?. 

2-2rt-'S 

13.0 

12, 

7. 

730. 

6.H 

.01 

.03 

8.5 

OS   4or 

?4AAri) 

v-'t-)7 

7^.P 

lrt.71 

loso. 

2-P7-7S 

11.0 

B. 

3. 

710. 

6,1 

.25 

< 

.01 

9.0 

OS    4nF 

pquHAf    1 

,--17 

0)  .4 

34.  14 

lORfl. 

6-    4-74 

6. 

3. 

4SH. 

4.3 

<       ,01 

< 

.01 

9.2 

OS    41F 

ACA-iC      1 

.., ')  t  -  ^  7 

PP.0 

13.00 

1074. 

11-20-76 

11  .0 

12. 

10. 

76S. 

8.2 

,30 

.03 

12.5 

OS     ilf 

-iCA-^r   ? 

/I  >-  -?fl 

uf^^f^ 

16. PO 

1074. 

7-22-77 

1  1.0 

7. 

3. 

lOOS. 

8.7 

.33 

.03 

15.6 

OS     4|f 

H(-.V<(         '' 

■.JUf  -  JH 

4  ^  ,  f^ 

lb.4P 

1074. 

11-20-76 

10.0 

fl. 

3. 

lOPO. 

9.1 

1.40 

.06 

15.7 

OS    i  1 1 

aC-lun 

«■-"  r  -P-, 

6'..  1 

?^.•^  1 

1074. 

7-P2-77 

11. 0 

6. 

3. 

76S. 

7.6 

.20 

.02 

12.7 

'N.)TF» 

INntCATEn  r.nNCF.ir,<flT!-""i5   a"F    i>) 


"II  Llr,hlAf-^S    PFrt    LlTFi^     (M6/L)     ExCrl'-'l 
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^ 


C' 


c 


e 


r 


LOCATION 


IN  *?E 

IN  *?E 

IN  i,?t 

«S  39F 

PS  41E 

BS  *^E 

■^S  ',^F. 

«S  *<,E 

qs  -i<(E 

<5S  3SE 

IS  lap 

<JS  3«(E 

<5S  -!«F 

<JS  Ti>E 

IS  3«f. 

<)5  Bi^E 

95  ISt 

9S  3nE 

■JS  39F 

9S  39F 

9S  39F. 

9S  39E 

9S  39E 

9S  39E 

9S  39F 

95  4nE 

9S  *0F 

9S  *nt 

95  *nE 

9S  «nE 

95  *0t 

95  4(1E 

9S  *0E 

9S  *nE 

9S  40E 
95  *0E 
95  *t)F 
9S  40e 
95  *nF 
95  4nF 
95  40E 
95  4nE 
9S  4t1F 
95  4nE 
95  4  IF 
95  40E 
95  41E 
95  4!F 
95  41t 
95  41  £ 


m*4AR  ? 
18AAAB  ? 
IHAAAh  ^ 
3?nfiBC 
34U-^nA 

^nnnoD 
pononn 
3?r)o»R 
i»*nc 
incCA*  1 
loccAA  ^ 
??r)»nc 
?3CiAn 

^shcha 

PSFriOC 

?7ArF-iP    ? 
?HCCAD     1 

?scf»n  ? 

?9ASSA 

?9mriD   1 

3?ACAA 

3?cnAn 

33r)4Pl) 

3l)^Hfl 
QAAnn 

9()CAH  1 

9DCAH  1 

9DC»ri  1 

llC^CC  1 

1?6HF<A 

nncpc 

130CCB 

1 3orcn 
isn^rr   i 

16Ai^C0     1 

IftAriCO      1 

IHARAD 
aiACFA  1 
?lRrCD  1 
23BCCO  2 

aTC'HeA 

24AACB 
?44ArD 
29HBAC  1 
flCAHC  1 
rtCARC  2 
SCAHf  ? 
SCftAU 


niCAHRONATE 
(HC03) 

??9. 
19ft. 
?03. 
T7*>. 

T37. 

l«4h. 
I'lftl  . 
IflB*. 

703. 

9«4. 
lOlft. 

351. 

ft?3. 
1017. 

771. 

ftS4. 

Sf,9. 

flin. 

93P. 

71?. 

17tB. 

9?ft. 
4«?. 
3R9. 

h9B. 
113?. 

511. 

431. 
119(1. 
1143. 

707. 
1317. 
1969. 

I45f.. 
1137. 
1139. 

n?3. 

l'>35. 
149P. 
1AR4. 
1747. 
l'S>,7. 
1"19. 
1105. 
201''. 
?0?H. 
1933. 
20  l*-. 


Cn.'•^ONATf 


1. 
». 
a. 

0. 

0. 

I). 

0. 

n. 
?^. 

^s. 

9. 
?*. 
?*• 

M. 
7». 

0. 
n. 
0. 

B. 
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0. 

II. 

!l. 

a. 

0. 
0. 

a. 

0. 
39. 
♦  «.. 

0, 

0. 

0. 

n. 

0. 

0. 
70. 
RH. 

0. 

0. 

a. 

5B. 
0. 
0. 
0. 
1. 


SULFATE 
(S04I 

685. 

739. 

f91. 

47, 

311. 

?90. 

?69. 

0. 

37. 

\3^. 

332. 

?30. 

7Sft. 

17. 

?94. 

907. 

?49. 

21. 

502. 

343. 

X10. 

ft30. 

1094, 

?09. 

Irt6. 

7M7. 

3. 

?4'*. 

20  3. 

0. 

7. 

POH?. 

'•3. 

?. 

11, 

S. 

0. 

1. 

ft. 
s. 

27. 

?. 

0. 

317. 

12. 

4. 

17. 

528. 

4  32. 

fth. 


CHLORIDE 
(CLI 

5.S 
3.8 
4.S 
1.9 
'..2 

27. 5 
?!.'* 
IB.O 

7.7 

5.1 
29.0 

3.*. 

4.9 

4.? 

3.9 

7.9 

5.1 

4.-1 
I'-.O 

h.O 
10.0 
11.^ 
11.0 
10.6 

9.9 
12.7 

7.1 

21. b 

7.0 

25.0 

43.1 

23. 6 
23.5 
20.7 
23.5 

7.0 
?4.? 

7.S 
71.0 
10.7 

9.2 
19.9 
21.9 
14.1 
25.0 
3?.0 
3?.0 
139.0 

3.0 


FLUOPIOt 
(El 

.3 

.3 

.? 

.3 
5.3 
?.7 
2.6 
l.P 

,3 
2.3 

.  7 

,H 

.4 
3.4 
2.1 

1.4 

1.? 

3.1 

l.-^ 

2.1 
2. -J 
1.7 

.7 

.3 
1.2 
2.0 
2.2 

.7 

.6 
3.B 
4.4 

.9 
3.0 

1.4 
l.f. 

1.3 
3.7 
3.9 
3.3 
1.6 
?.? 
2,3 
1.7 
1.4 
1.7 
3.3 
2.5 
3.P 
3.S 
3.R 


NI IHATF 
(NO 3  45  N) 

1.06 

.0? 

.20 

.39 

.07 
1.02 

<  .02 
.07 
.57 
.«« 
.7-1 

1.49 
1.4B 

.16 
1  .69 
1.29 
1  .0.. 

.14 

<  .')? 

.0> 

.07 
8.25 

<  .o^ 

.  »6 
.07 
.11 
1.6S 
.o  i 
.05 
.05 
.14 
.47 

.■I? 

3.Hr) 
i       .02 

<  .02 
.33 

I  .06 
2.  19 

.'v3 

.19 

.dh 

.02 

.09 

<  .02 

.  0  4 
.03 

<  .02 

<  .02 


nrSSOLWED    SODIUM 
SULinS    AOSODPTICM 

(CALC.AS    RATIO 
RESInUEl   (S.A.B.l 


11*5. 
Ufl?. 
1391. 

759. 
1120. 
1(121. 
17H0. 
1672. 

685. 
107'-. 
1310. 

669. 
1711. 

940. 
1175. 
1810. 

989. 

Ril7. 
1596,- 
I  18H. 
2765. 
17S3. 
1907. 

639, 
1074. 
1752. 
1016. 

810. 

702, 
1073. 
1047. 
3616. 

I  <a7. 

1850. 
154  3. 
1299. 
1009. 
1034. 
1006. 
1735. 
1479. 
1640. 
1560. 
1875. 
1708. 
1113. 
1850. 
260  1  . 
2582. 
185f-. 


1.4 
2.1 

♦♦.7 
*3.6 
31.0 

?H.5 
♦  1.7 
19.8 
33.0 
3.4 
♦  .* 
15.1 
?H.2 
19,6 
«.* 
52.9 
37.9 
40.0 
37.9 
64.8 
42.5 
1.0 
2.6 
46.1 
9.5 
38.1 
6.9 
6.4 
42.8 
39.0 
10.9 
*«.0 
47.6 
47.5 
46.1 
46.7 
46.8 
39.6 
54.9 
49.2 
55.6 
56.2 
42.0 
53.1 
39.8 
39.5 
HO.  t 
79.6 
67,9 


SPECIFIC 

CONDUCTANCE 

PH 

(HICHOMMOS 

(LAriflRA- 

ra«n-ilrtuTiNr, 

AT    25   C) 

TOPY) 

AOlllFr  >i 

1543. 

7.9? 

XCKAY     CCAL 

1556. 

H.16 

••r^AY     COAL 

1790. 

7.97 

«CKAr.    COSL 

1193. 

8.15 

DIET/     1     (.    ?    COAL 

17?6. 

B.?6 

Canyom   cri»L 

?693. 

R.71 

CA^tYOM    COAL 

2772. 

8.?7 

CA.-JYOf-    rOAL 

?68B. 

7.76 

ANl)t^50N    COAL 

1082. 

7.86 

DIET/     1     1.     2    COAL 

1677. 

7.76 

PTF  1  ?     1     ^     ?    COAL 

1893. 

7.49 

AfJi)FH<;uN    C(JtL 

944. 

8.51 

nil  1/    I    *.   ?   CfiA) 

?150. 

8.80 

nifl/     1    K    ?    COAL 

1491. 

8.38 

nif  17     !     «.    2    COAL 

1600. 

8.47 

OU  T7     1     fv    ?    rOfL 

?440. 

8.42 

n!ET7     1     K     2    COAL 

1370. 

9.14 

DTFl/     1     fc    ?    COAL 

1460. 

9.36 

C^'JYOrj    COAL 

2405. 

7.94 

DIET7     1     K    2    Cn«L 

17?1. 

8.16 

AM0EP5t).i    CL.     Kfri 

3993. 

a.?7 

AMl<tt-'-i>-l    COAL 

2653. 

8.(1] 

CA'rrO'*    Ciil 

2390. 

7.67 

nicT/1',?    CK'^.TL. 

985. 

7.55 

illf.  T/1^2    ("t  .     '"''^ 

1737. 

7. 97 

AN,]-rilhT/     1     N    2 

2384. 

7.88 

ni'  I  /   ^  ro„i 

1595. 

«.n? 

nit  17   d   r^i.-,L 

1?65. 

7.28 

litf  \7     ^    C'lL 

1094. 

7.70 

nitr/   2   r.!iu 

1733. 

8.66 

niEI/     2    C'lAL 

1641. 

8.10 

niFr/  2  ci»L 

454  1. 

8.15 

nitr/    y  roiL 

?1P5. 

8.74 

OlFT?    2    CO-'L 

?844. 

8.77 

OIFTZ    1    mat 

?43?. 

8.07 

ANnFP--ON    Ciisi 

?20ft. 

7.93 

nlFl/     2    CAL 

1610. 

7.70 

A'J.;.     l^l^T?     1     C. 

16?9. 

8.1? 

A-n.-l.iM7     1     C. 

1640. 

7.9? 

AMfi.-'^lf  t  7    COAL 

2686. 

8.27 

AM'J.-I'ltl'      1      C. 

2274. 

8.84 

ANDtK^l.N     COAL 

256  9. 

8.79 

nifi?    1   rotL 

?466. 

8.?7 

niFi?   .-'  ciiAL 

2878, 

8. (IB 

6M>tP-^il'<     ri>AL 

2690. 

^.U 

=,111"   (,  1 1  f  1 

1616. 

8.91 

6«jii.-nit  T,.-    COAL 

2833. 

7.92 

AM()FP5UM     COAL 

3784. 

8.0? 

0IFT7     1     C1AL 

3820. 

8.07 

nifT7   1   r  i«i 

2886. 

R.15 

niET?   e   ro»L 

I 

VD 
U3 


INOTF" 
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Analyses  continued  from  preceding  page 


LOCATION 


9S    <tlE 

^S    4  IE 

QS    4  IE 

<JS    4^E 

qs    4 IK 

IS    44E 

<)S    44t 

QS    '.'tF 

<3S    44E 

<)S    4«E 

5nN    84W 

SflM     fl4i' 

5KN     B4W 


BCHAP 

iCHrn  1 

iCRrn  1 

3C>iro  ? 

l?««rr  1 

1 1HC4A 

l^CAAA  ? 

??ACCA 

TAOor  I 

7Ai)i)r  1 

iHurn  1 

23AHHr 

?3RflC4  1 

23flRCH  ?. 


OBSFWVtT ION 

W^LL 
OESKiNATlnN 

"■•(C-? 
HWC-1 

Hwr-3s 

HWC-17 
HvjC-7 

N-vr-;^7 

HWC-l'. 
HWC-H 

H'.JC-1F1 
M?-3<) 

"|U-4n 


OfHIH  LAND 

HrLL  TO  SURFACE 

DFPTh  WATtW  ALTITUDE  OATE  IfMHFR-       CALCIUM 

(vlFTFrlS)      (>'FItRS>  (METERS)        SAMfLEO       AIU-<t<C)  ITAt 


MAGNESIJ*<       SODIUM       POTASSIUM 
(M6)  (MA)  (K) 


dfl.? 
11. ft 

2S.n 

?0.1 

114.1 

2^.7 
31.'^ 
74.1 

ri7.? 


22. »R 
P«,.3? 

?4.qq 
1. 11 

H.S3 
3^.6? 

!«.?'* 
3H.77 
16. OS 

i».n 

lfi.f.7 
b.03 
lb.  OS 
1ft. Ill 
12. -iH 


1074. 
ln7fi. 
1076. 
1076. 
lOOl. 

lion. 

1096. 
1131. 
1097. 
1117. 
11??. 
11??. 
110?. 
1  119. 
ll?ft. 
1117. 
11?6. 
1!?6. 


U-?0-76 
8-    8-74 

6-  4-74 
10-    8-7* 

6-21-77 
4-19-77 
4-29-77 

7-  H-77 
6-?3-77 
9-13-77 
4-?fl-77 
4-26-7  7 
9-27-77 
4-28-77 
4-28-77 

U-  ?-77 
10-21-77 
10-19-77 


hi.S 

in. 3 

11.0 
1?.0 
1?.Q 
13.  4 

I  3.0 
12.? 
i.S 
1  3.11 
13. S 
12. S 
12.5 
l4.S 
14.13 
14. S 


5. 

9. 

11. 

34. 

?6*. 

99. 

I6S. 

19. 

5. 

6. 

9. 

10. 

AHH. 

177. 

6. 

6. 

6. 

3. 


2. 

H. 

I. 

4K. 

382. 

117. 

169. 

12. 

4. 

3. 

6. 

7. 
498. 
180. 

4. 

3. 

2. 

2. 


600. 

720. 

708. 

1308. 

71S. 
123S. 

900. 
'iS6. 
•JfiO, 
648. 
6SS. 
1  «'l  n . 
fi7S. 
S76. 
6?S. 
616. 
448. 


7.7 
S.S 
S.? 
9.0 
9.6 

lO.n 

1?.9 
6.4 

4.  3 
4.1 

■=..7 

■-.1 

??.2 

1?.3 

4.4 
4.9 
5.2 
3.H 


IRON 

MANGANESE 

SILICA 

(FE) 

HN) 

(S102) 

.66 

.02 

14.1 

.01 

< 

.01 

7.3 

.07 

.01 

8.4 

.01 

< 

.01 

7.8 

.07 

.61 

13.7 

.02 

.02 

10.7 

.03 

.25 

10.3 

.71 

.03 

8.6 

.08 

< 

.01 

9.2 

.05 

< 

.01 

9.9 

.10 

.05 

9.6 

.01 

.01 

8.1 

.39 

.06 

14.8 

.03 

.02 

14.1 

.08 

.01 

9.7 

.03 

< 

.01 

12.6 

.13 

.01 

13,1 

.05 

< 

.01 

9.5 

•NOTFo 
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DISSOLVED    SODIUM     SPECIFIC 
SOLIDS    AOSORPTION  CONOUCrftNCE      Pw 


»'ICA'iH(l 

J^Tf       CA>v«0^'Al£ 

SULFATE 

CMLOBIOF 

FLJOmOF 

NlTrtiTF 

(C«LC.*S 

RATIO 

imcRO'-tHfis 

(LA40P&- 

CONTt^lBOTING 

Lnc»TI0\ 

(rin-i 

(cmi 

(«;04i 

(CD 

(F) 

(N'03    «S    Nl 

RESIDUE) 

(S.A.B.I 

*T    25    C) 

TORY) 

40U1FER 

9S 

*lf: 

RCR4D 

lOS' 

0. 

81. 

s».o 

3.6 

.0« 

1928. 

72.0 

2H3/. 

7.93 

f>IlT/    2    cn»L 

■JS 

4-ie 

ICtTfl 

1 

lSf-7 

O*!. 

140. 

?fi.7 

2.S 

< 

.02 

J794. 

*2.5 

2796. 

><.«6 

CArjrOM    CO«L 

OS 

*1F 

1CRCD 

1 

l^no 

41  . 

Urt. 

?7.8 

?.s 

< 

.02 

1753. 

SS.9 

259^. 

rt.55 

CAN»ON    CO«L 

QS 

4fE 

3C-1CD 

? 

1  174 

'■>. 

l>44h. 

3?.5 

l.h 

.6« 

3963. 

33,9 

5344. 

ft. 05 

niETZ    CO<iL 

OS 

4  IF 

l?«4rr 

1 

<J.^7 

I1. 

31f">. 

33. n 

.4 

< 

.02 

S210. 

fl.l 

6nP0. 

7. S3 

ANr>ER«;ilN    CO«L 

■^s 

4  IF 

1  ^-^Can 

M,, 

1 , 

1636. 

16.0 

.6 

c 

.1)2 

204S. 

11.5 

2494. 

7.47 

ANDERSON    CflAL 

OS 

<.3F 

ITCAtS 

? 

117- 

0. 

?'.H7. 

47.0 

.(^ 

< 

.02 

400S. 

16.1 

5939. 

l.^D 

ANDERSON    COAL 

OS 

41E 

HfinQ-i 

ll^- 

0. 

1070. 

Irt.O 

1.4 

< 

.02 

2603. 

«0.1 

373H. 

ft. 11 

AUntRSON    COAL 

^S 

»1F 

??4CC4 

l-,s:> 

=*. 

0. 

I'-.O 

2.1 

.03 

136h. 

♦  6.2 

?1'.5. 

H.49 

ANDtRSUN    COAL 

OS 

'.1^ 

a7ni-J° 

!  Aoc 

(i  , 

1. 

17.0 

.4 

< 

.02 

1343. 

♦  6.* 

21IH. 

7.97 

ANDERSON    COAL 

OS 

**£ 

7»inc 

I 

!7un 

0. 

4S. 

^f-.O 

l.s 

12.43 

1610. 

♦  2.3 

2515. 

=1.?? 

DIET,'     COAI 

OS 

4*t 

/Aoor 

3 

l-iO 

7. 

*>!. 

J6.0 

1.3 

.16 

1719. 

38.7 

2757. 

''.31 

ANOERSON    COAL 

OS 

4<,tr 

ThaCD 

1 

->7<- 

n. 

ftOOO. 

3H.0 

.4 

.02 

9442. 

13. B 

9936. 

7.»? 

AMflERSON    COAL 

OS 

4i.F 

aa-<3A 

> 

H^:> 

fi. 

ia3?. 

3^1. h 

.6 

.18 

JH20. 

11.1 

484  1. 

7.'^0 

AMlfRSON    COAL 

OS 

44? 

■^rlO-'T' 

I-Qj 

0. 

0. 

84.0 

1.7 

.OS 

1409. 

♦  3.6 

?2'3. 

0.17 

ANfJtRSON    COAL 

saw 

^4-( 

asi-irir 

1  isa 

"- 

?()4. 

27.0 

3.^ 

< 

.02 

1S60. 

53.2 

2389. 

>>.  n 

ANO.DItrZll.?    CL. 

SaK| 

H4J 

?lfl^C« 

I 

r-ii? 

0. 

?00. 

?1.0 

3.1 

< 

.02 

lS3n. 

56.2 

233S. 

1^.30 

■TIFTZ!^2    CL.    F>En 

S^N 

fi4J 

23fifiCH 

? 

%n  i 

0. 

?1». 

in.s 

3.0 

< 

.02 

1130. 

♦  9.2 

1770. 

".03 

ANOERSON    CL.    REn 

•NOTF* 
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APPENDIX  G 

Concentrations  of  Major  Chemical 
Constituents  in  Ground  Waters  Used 
for  Stock  and  Domestic  Supplies 


'K^B. 


c 


© 


STATIC 

L«NO 

WELL 

WATER 

SURFACE 

DEPTH 

LEVEL 

ALTIT'JOC 

DATE 

TEMPER- 

CftLCIOH 

MASNe5I«>« 

SOOIUM 

PVTASSIUM 

im«i 

MANCA««€Se 

SILICA 

BICARBONATE 

CARBONATE 

LOC&TI0N 

(METEPS) 

(HfrERSt 

(NCTEHSI 

SAMPLED 

ATUffE(C) 

<C«I 

(H6I 

(Nft) 

IK) 

(FE> 

tmt 

ISI02> 

<HC03) 

<C03I 

*N  37E 

apiisan 

42.7 

31.1 

91*. 

H-  6-76 

10.5 

♦  . 

1. 

482. 

l.ft 

.11 

.02 

7.8 

508  . 

8* 

*N  39E 

3nnc«4 

34.1 

?1.0 

10fi5. 

8-25-76 

10.5 

«3. 

26. 

26. 

»*» 

s 

.ei 

< 

=  »1 

!♦.« 

320. 

fl» 

4N  40F 

310C4A 

61.0 

1%* 

SST. 

e-27-76 

iB.e 

2. 

e. 

315. 

1.1 

.10 

< 

.01 

6.7 

685. 

|«^ 

»N  4?F 

i?c»nfi 

25.5 

5.5 

805. 

J2-13-76 

3, 

I. 

498. 

1.* 

.!♦ 

.01 

7.8 

1069. 

0* 

♦  N  *3r 

snotiAC 

91.4 

9.1 

nil. 

8-26-75 

14.5 

8. 

». 

S20. 

2.7 

< 

.Cl 

< 

.01 

6.8 

1015. 

Vs 

♦  N  4*F 

2*B»nA 

IB. 6 

8.4 

90?. 

9-12-75 

10. 0 

42. 

31. 

137. 

*.• 

< 

.01 

< 

.01 

S.3 

472. 

1» 

*N  ♦♦E 

?*«R»B 

53.3 

899. 

9-12-75 

13.0 

17. 

9. 

133. 

3.4 

.01 

.01 

9.3 

355. 

«• 

*N  ♦»!: 

29CC»C 

32. fi 

20.8 

924. 

8-26-75 

u.o 

?«. 

T. 

104t. 

4.« 

.05 

.01 

8.3 

741. 

f  • 

*N  ♦♦£ 

3?Df>n» 

36.6 

19,5 

911. 

8-27-75 

11.0 

lU. 

»<». 

552. 

7.« 

.02 

.01 

7.5 

653. 

'  0* 

*N  ♦♦F 

36**P» 

19.4 

936. 

8-18-75 

11.0 

U5. 

75. 

54. 

4.7 

.01 

.01 

12.8 

528. 

«  • 

♦  N  4^F 

11A0C8 

54.9 

21.6 

84  1. 

It-  6-76 

10.3 

19. 

8. 

1005. 

3.8 

.06 

.02 

6.5 

1236. 

0* 

♦  N  *fle 

?ODRBC 

22.9 

7.9 

79?. 

8-  6-76 

10.5 

56. 

40. 

752. 

7.6 

.51 

.59 

21.6 

880. 

vm 

*M  S0£ 

31CC»A 

33.5 

12.2 

829. 

8-  5-76 

9.5 

58. 

79. 

1040. 

8.9 

.12 

.05 

11.8 

668. 

0  • 

3N  17F 

BOB 

6-25-73 

10.5 

32. 

33. 

517. 

6.2 

« 

.01 

< 

.01 

9.4 

525. 

5. 

3N  37E 

9D0D0 

6-25-73 

10.5 

20. 

40. 

1485. 

7.3 

< 

.01 

< 

.01 

7.6 

716. 

t?» 

3N  17E 

36DAC0 

968. 

6-27-73 

12.0 

8. 

20. 

UO. 

2.6 

< 

.01 

< 

.01 

10.9 

237. 

♦3, 

3N  37e 

35CDRC 

30.5 

24.4 

983. 

6-25-73 

12.0 

4. 

2. 

378. 

l.T 

< 

.SI 

< 

.01 

7.9 

53*. 

15. 

3N  3qF 

36BAC 

6B.3 

21.9 

954. 

7-26-73 

13.5 

4. 

1. 

378. 

?.o 

.01 

< 

.01 

S.6 

785. 

19. 

3M  *1F 

35CBAA 

36.6 

18.3 

956. 

3-23-76 

9.5 

153. 

99. 

45. 

3.7 

1.87 

.16 

12.9 

516. 

St 

3N  *3F 

3*flCPB 

43.0 

19.8 

869. 

10-  4-73 

2.5 

5. 

13. 

528. 

3.8 

< 

.01 

« 

.01 

7.1 

S(rir. 

Tl. 

3N  ".iE 

IHAABA 

48.5 

17.9 

920. 

fl-27-75 

11.0 

31. 

12. 

1295. 

5.4 

.02 

.02 

7.9 

747. 

0. 

1 

3N  **E 

21CRAR 

45.7 

78.5 

994. 

8-21-75 

11.0 

107. 

66. 

39. 

3.9 

.02 

.09 

19.6 

630. 

0. 

t— » 

3N  ithF 

31CRnc  1 

9n. 

8-19-75 

U.O 

84. 

124. 

160. 

7.3 

.01 

.01 

13.0 

♦  53. 

0. 

o 

3N  44E 

3ICRnc  2 

62.5 

24.4 

918. 

10-  3-73 

10.0 

43. 

101. 

190, 

7.» 

« 

.01 

.03 

13.3 

409. 

0. 

CO 

3N  4HE 

?7CARD 

86.6 

56.7 

926. 

7-14-75 

12.0 

2. 

1. 

432. 

1.6 

.13 

.01 

7.7 

954. 

29. 

1 

3N  SIF 

iriAAA 

83.2 

50.2 

869, 

8-11-76 

12.0 

3. 

1. 

508. 

I.* 

1.27 

.01 

7.0 

558. 

16. 

3N  5?E 

3?CB 

79.2 

52.4 

911. 

8-11-76 

13.5 

9. 

3. 

845. 

2.6 

.13 

.03 

7.8 

821. 

♦  . 

2N  3ftF 

?3aAnR 

1010. 

7-  9-73 

11.0 

8. 

11. 

143. 

2.4 

< 

.01 

< 

.01 

8.8 

299. 

3^. 

2N  36E 

2RDnAC 

992. 

8-20-75 

14.5 

57. 

27. 

415. 

5.9 

.02 

.01 

9.6 

576. 

0. 

2N  37E 

8ADDC 

942. 

5-25-73 

10.5 

22. 

45. 

491. 

6.3 

.01 

< 

.01 

9.6 

471. 

19. 

2N  37E 

POAPDC 

27.4 

5-26-73 

U.O 

6. 

4. 

704. 

3.1 

.01 

< 

.01 

7.6 

805. 

3*. 

EN  T7E 

27DCBA 

30.5 

10.6 

990. 

10-  5-73 

U.O 

59. 

44. 

500, 

S.6 

.01 

< 

.01 

12.* 

358. 

19. 

?M  37F 

31CCCR 

18.3 

1009. 

7-  5-73 

U.O 

40. 

105. 

163. 

4.9 

.01 

< 

.01 

14.0 

♦  37. 

0. 

2N  37E 

3?BRRB 

30.5 

983. 

7-  9-73 

9.5 

87. 

304. 

267. 

10.5 

.01 

.03 

12.2 

618. 

0. 

2N  37E 

34CaCC 

6.5 

9B1. 

9-  6-73 

10.0 

120. 

146, 

1043. 

13.9 

.01 

.11 

10.7 

343. 

15. 

aN  37E 

34DAR0 

21.3 

981. 

6-22-73 

13.0 

81. 

121. 

843. 

U.S 

.01 

< 

.01 

10.3 

254. 

0. 

?N  3flF 

15CC0C 

10ft7. 

7-  2-73 

10.0 

25. 

125. 

54. 

4.2 

.01 

< 

.01 

15.7 

♦  05. 

0. 

2N  3PF 

18ARRR 

21.3 

1009. 

6-26-73 

9.0 

89. 

131. 

97, 

5.3 

.01 

.01 

11.8 

♦  17. 

0, 

HN  3eE 

20HDCA 

4R.fl 

1041. 

7-  2-73 

10.0 

U. 

57. 

525. 

6.5 

.01 

< 

.01 

1.7 

365. 

IS. 

2N  3flE 

32ARDB 

34.7 

25.6 

1074. 

7-10-73 

13.0 

184. 

249. 

223. 

8.4 

.01 

.10 

12.7 

727. 

0. 

2N  38E 

3?ARnR 

34.7 

25.6 

1074. 

7-10-73 

14.0 

125. 

231. 

232. 

8.2 

.01 

.83 

13.6 

5^2. 

0. 

2N  39E 

5BCRA 

17.4 

97H. 

9-13-73 

U.O 

54. 

108. 

318. 

5.9 

.01 

.06 

9.5 

323. 

0. 

2N  39F 

snnnc 

4.9 

4.6 

966. 

9-13-73 

13.5 

2*9. 

553. 

905. 

13.2 

.01 

.06 

10.7 

703. 

0. 

aN  39F 

12CCC 

169.2 

963. 

11-10-72 

13.5 

2. 

1. 

330. 

1.0 

.09 

.01 

Z3.5 

739. 

■  15. 

2N  39e 

20DRCR 

1054. 

8-  8-75 

13.5 

25. 

15. 

800. 

4.6 

.06 

.02 

5.3 

338. 

0. 

2N  3<5E 

23CAAB 

30.0 

1024. 

7-26-73 

27.0 

51. 

97. 

108. 

5.T 

.01 

.15 

14.0 

523. 

0. 

aN  39E 

24C0AR 

42.7 

15.2 

991. 

7-25-73 

144. 

162. 

450. 

7.9 

.oa 

< 

.01 

9.6 

508. 

Oi 

2N  39E 

25ACnC 

41,5 

17.7 

locn. 

7-12-73 

277. 

464. 

552, 

10.9 

.04 

.02 

8.6 

673. 

0. 

2N  39E 

32oono 

1073. 

7-11-73 

12.5 

204. 

305. 

310. 

10.6 

.1« 

.02 

19.0 

514. 

0. 

?.H    39E 

34ADRB 

18.3 

a. 2 

1047. 

7-10-73 

157. 

327. 

179. 

8.5 

.02 

.05 

11.® 

721. 

a. 

•NOTE' 

INDICATED  CONCFNTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L*  EXCEPT  AS  NOTED. 
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L  nCST  ION 


4N  4or 

4M  4pF 

<jM  4  3f 

4  N  6  4  r 

4  *J  4  4  F 

^f-J  4  4F 

4N  4  4E 

4rg  44F 

4N  4^F 

4  N  4  «  F 

4n  =;nF 

I'l  17r 

TN  T7F 

3N  17F 

1«J  17r 

V-l  TUF 

BN  4  IF 

IN  4  TF 

1M  4  4F 

IN  44F 

iN  44F 

3N  (.4r 

VJ  4HF 

irj  QIF 

11-j  '^;'F 

?N  T>,F 

?'J  T<.F 

?M  T  7F 

2'J  37F 

?••■!  ITF 

P'-i  17F 

?.•■'  17F 

?*■'  .17F 

?N  T7F 

aN  3<1F 

?^'  "'^^F 

?'J  TSF 

?'J  ?nF 

?'l  TBF 

^  N  ->  q  F 

?M  1=)F 

?N  3CJF 

?M  39F 

?'l  IPF 

?fj  3PF 

?N  IQF 

P'l  10F 

?'J  3<JF 


3nor fl« 

31DC44 
1 praOH 
3f)nRAC 

24R4r>4 
?4F1R4R 

?qrr «c 

3?r'nna 

364AP4 

1 1 AnrR 

PnDROc 
31CCAA 

SDR 

Tnnnn 

PhPAfO 

3srr)Fir 
36"  A  r 

3^0 H« A 

34HrRfl 

1  Hi  AHA 
?lCnAH 

3iCRnr 

31CRPC 

?7CAHr) 
1  OA  A  A 

3?rn 

?3A AOR 
pfiOOAC 

"Anne 

POARPC 
?7ncR4 
.TlCrCR 
3?HRRH 

34CACC 
34n4R0 
IBCCOC 
IRARPH 
POPDFA 
3?ARnR 
3PARPR 
5PCHA 

5nnnc 
1?CCC 
PnORCR 
PTTAAR 
?4C0«R 

psAcnc 
3?onnn 
34AnRp 


SAMPLED 

10-  6-75 
B-?5-76 
P-?T-7f, 

1?-13~76 
fl-?6-76 
9-ia-75 
9-1P-75 
P-P6-75 
P-P7-75 
P-lfl-75 

!0-  f.-7ft 
e-  iS-7f. 
e-  S-76 
A-?')-73 
6-?f.-73 
6-?7-73 
6-25-73 
7-3ft-73 
3-?3-76 

10-  4-73 
fi-?7-7S 
8-J1-7B 
e-l<J-75 

10-  3-73 
7-14-7h 
P-1 l-7ft 
8-1 1-76 
7-  q-73 
8-?0-75 
6-?5-73 
6-?6-73 

10-  5-73 
7-  5-73 
7-  9-73 
9-  6-73 
6-?2-73 
7-  ?-73 
6-26-73 
7-  2-73 
7-10-73 
7-10-73 
9-13-73 
9-13-73 

11-10-72 
B-  8-75 
7-P6-73 
7-25-73 
7-12-73 
7-11-73 
7-10-73 


SULFATE 
IS04( 

615. 
1*. 

70. 
0. 

113. 

145. 

60. 

!651. 

1283. 

282, 
1  148. 
1204. 
2091. 

836. 

2632. 

55. 

34*. 
99. 

4  36, 

293. 
2194. 

117. 

663. 

564, 
37. 

587. 

1141. 

63. 

658. 

850. 

782. 
1022. 

525. 
1448. 
2780, 
2276, 

385. 

557. 
1062. 
1'317. 
1306. 

980. 

4184. 

42. 

1539. 

330. 
1552. 
3130. 
1945. 
1482. 


CHLORIDE 
(CLl 

8.0 

.9 

19.5 

153.0 

174.0 

4.0 

6.4 
14.3 
10.7 

9.3 
33.0 

7.0 
15.0 
21  .8 
1  l.B 

6.2 

8.9 

42.0 

12.9 

.3 

26.1 

2.4 

9.0 

7.3 
40.0 
16.0 

6.5 

2.6 
14.1 
22.1 
13.8 
10.6 

6.2 
17.8 
16.2 
13.9 

4,7 
12.0 

7.7 

.«.? 

R.8 

7.5 
27.0 
29.6 

9,0 

4.3 

9.6 
22.3 
10.5 
11.5 


FLDORIOe 
<!^) 

1.5 

.2 

5.5 

6.2 

5.e 

.3 


.9 
.6 
.2 

3.6 
.1 
.4 

1.4 
,7 
.4 

1.2 

4.0 
.2 
.4 

1.0 
.4 
.4 
.2 

4.5 
.6 
.6 
.5 
.4 

1.5 

1.3 
.3 
.2 


NITRATE 
(N03  »S  N) 

.11 
.15 
.30 

<  ,02 
.03 
,57 
.90 

10.49 

1.83 

.14 

.21 

<  ,02 
.03 
.27 
.02 
.Bl 
.20 

<  .02 
.16 

<  .02 
3.35 

.36 
T.»6 
1.33 

.43 

.34 

.43 

.05 
1.27 

.68 

.07 
1.31 

.07 

.75 
3.93 

.70 

.70 
4.81 

.18 

.75 

.52 

.27 

<  .02 
.07 

1.22 
.*1 
.05 
.07 

•  n 

.23 


DISSOLVED    SODIUM  SPECIFIC 

SOLIDS    ADSORPTION  CONDUCTANCE 

C4LC.  AS    RATIO  (MICROMHOS 

RESIOOei   (S.A.R.)  AT  25  CI 


1379. 

2B4. 

775. 
1196. 
1339. 

604. 

414. 

3122. 
2394. 

813. 
2834. 
2532. 
364  3. 
1720. 
4628. 

373. 
1025. 

944. 
1019. 
I  1(50. 

3943, 

665. 
1290, 
1148. 
1024. 
1416. 
2423. 

420. 
1472. 
1699. 
1952. 
1850. 
1073. 
2451. 
4317. 
3487. 

824. 
1113. 
1869. 
2359. 
2192. 
1647. 
6298. 

812. 
2566. 

868. 
2585. 
4796. 
3059. 
2531. 


55.5 

.8 

56.5 

64.6 

29.5 

3.9 

6.5 

50.2 

9.2 

1.0 

49.1 

18.9 

20.3 

15.3 

44.3 

4.7 

39.2 

45.5 

.7 

28.5 

50.2 

.7 

2.6 

3.6 

62.0 

72.2 

65.5 

7.8 

11.3 

13.8 

54.5 

12.0 

3.1 

3.0 

15.1 

13.9 

1.2 

1.5 

14.1 

2.5 

2.8 

5.7 

7.3 

47,1 

31.5 

2.1 

6.1 

4.7 

3.2 

1.9 


2107. 

493. 
1254. 
1926. 
2530, 

964. 

673. 
4362, 
3149. 
1224. 
4212. 
3483. 
4782. 
2360, 
5920. 

638. 
1530. 
1390. 
1420. 
2070. 
5334. 
1075. 
1784, 
1550. 
1694. 
2144. 
3540. 

689, 
2113. 
2530. 
2540, 
2710. 
1544. 
2970. 
5130. 

4490. 

1232, 
1522, 
2600. 
2890. 
2710. 
2210. 
6633. 
1250. 
3444. 
1240. 
3030, 
5050, 
3990. 
294  0. 


PH 

LABOPA- 

COLLECTING 

CONTRIBUTING 

TDHYI 

AGENCY 

AQUIFER 

8.45 

OSOS 

UNKNOWN 

?.e« 

uses 

B*56L  TB  SS 

8.63 

OSGS 

LANCE  FM. 

8.23 

OSGS 

LANCE  FM, 

8.08 

USGS 

UNKNOWN 

8.14 

USGS 

UNKNOWN 

8.10 

USGS 

UNKNOWN 

6.86 

USGS 

UNKNOWN 

7.88 

USGS 

UNKNOWN 

5.38 

USGS 

UNKNOWN 

7.85 

USGS 

UNKNOWN 

7,87 

USGS 

UNKNOWN 

7.93 

USGS 

LEfiO 

8.36 

MflHG 

SU8-R0RINS0N 

8.65 

MP>^G 

SUB-RO°INSON 

9.04 

MpMG 

SUS-PORINSON 

8.63 

MBMG 

SUFi-RORINSON 

8.34 

USGS 

SUB-ROBINSON 

7.58 

USGS 

RASAL  TR  SS 

8.62 

USGS 

SUB-TERRET 

6,49 

USGS 

SUH-TEROET 

5.50 

USGS 

TEROET  COAL 

6.38 

USGS 

SUB-TERRET 

8.13 

USGS 

SUB-TERRET 

8.72 

USGS 

UNKNOWN 

3.62 

USGS 

TULLOCK 

8.35 

USGS 

TULLOCK 

8.80 

MBUG 

UNKNOWN 

7.62 

USGS 

UNKNOWN 

8.73 

MRMG 

SUB-ROBINSON 

8.73 

MRMG 

SUB-POPINSON 

8.57 

MB«G 

SUQ-ROBINSON 

8.17 

mi6 

SUB-POPINSON 

8.11 

HP«G 

SUB-POPINSON 

8.44 

MPMG 

UNKNOWN 

8.12 

HPWG 

SUB-POP INSON 

8.27 

MPMG 

SUS-POSINSON 

8.17 

MPMG 

SUB-RORINSON 

8.49 

MPMG 

SUfl-POBINSON 

7.64 

MBMG 

POSEBUD-MCKAY  CL 

7.93 

t<PHG 

ROSEBUD-MCKAY  CL 

8.29 

USGS 

SUB-MCKAY 

7.95 

USGS 

SUB-HCKAY 

8,55 

USGS 

TULLOCK  SAND 

T,29 

USGS 

SUB-MCKAY 

7.98 

USGS 

SUB-MCKAY 

a,  10 

USGS 

SUB-MCKAY 

7.83 

USGS 

SUB-MCKAY 

8.03 

USGS 

UNKNOWN 

7.93 

USGS 

ROSEBUD  COAL 

o 
I 


'NOTpo 

IhOICATFD  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/Ll  EXCEPT  AS  NOTED. 
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Q 


Q 


© 


-© 


STATIC 

LAND 

l<ELL 

HATEO 

SURFACE 

DEPTH 

LEVEL 

ALTITUDE 

DATE 

TEMPER- 

LOCATION 

(METERS* 

(MFTERSl 

(fSFTEBSl 

SAMPLED 

ATURE  (C 

?N  IQE 

34DA0B 

24.4 

7.8 

1058. 

7-10-73 

16.0 

3'/  »0F 

6A4BB 

31.4 

21.7 

972. 

7-23-75 

10.5 

2N  *0F 

6CBCB 

31.7 

25.6 

966. 

7-25-73 

11.0 

2N  *0F 

llA4fl* 

37.2 

I*.* 

9BB. 

8-  6-75 

14,0 

3N  *ne 

?8«»no 

44.5 

?3.1 

1029. 

7-24-75 

12.0 

2N  40E 

?9cnrc 

23.6 

1036. 

7-24-75 

16.0 

2N  40F 

30BA4 

7'S.O 

21.9 

997. 

7-13-73 

14.0 

?N  *0E 

3incro 

50.3 

3*. 6 

1076. 

11-  9-72 

13.0 

?N  40F 

32HR»f! 

1033. 

7-12-73 

?N  40f 

35noro 

76.2 

44.6 

1044. 

7-13-73 

11.5 

?N  "ilF 

lORB* 

18.6 

960. 

8-30-73 

11.5 

?N  41C 

2DRflA 

67.1 

966. 

11-  1-72 

2N  4  IF 

10«CBC 

42.7 

30.5 

966, 

7-19-73 

13.0 

?N  41F 

laCCAD 

48.8 

12.2 

969. 

3-23-76 

9.5 

?N     4  It 

WiOA* 

3:1.5 

951. 

10-  3-73 

12.0 

2N  *1F 

aicnno 

36.6 

12.3 

988. 

8-  7-75 

11.0 

2N  41F 

a4CAA» 

8.2 

1052. 

6-11-75 

10.0 

?N  »1F 

30PDAA 

1024. 

10-  2-73 

13.0 

3N  4  2f: 

40ACA 

31.1 

18.3 

9V7. 

8-30-73 

11.5 

?N  4  2F 

5CAPB 

17.0 

936. 

8-30-73 

11.0 

?N  4?F 

ftCRnc 

36.6 

26.1 

957. 

11-  1-72 

12.0 

?N  4  3F 

2ARPD 

118. <» 

73.2 

917. 

10-  3-73 

12.0 

?N  4  IF 

4CDAA 

859. 

9-27-73 

12.5 

?M  4  IF 

lonnAA 

61.0 

45.7 

882. 

10-  3-73 

10.5 

aN  4  3E 

12CHAC 

917. 

10-  3-73 

11.0 

2N  »?F 

IfSDAPB 

7.9 

863. 

10-  2-73 

9.5 

2N  4  3E 

IflAAAC 

20.1 

15.2 

881. 

6-12-75 

11.0 

?N  4  3F 

aOCAPB 

14.9 

12.8 

890. 

10-  2-73 

9.5 

2N  4  3F. 

24nonD 

911. 

9-28-73 

10.0 

2N  4  3F 

aSPCAA 

22.6 

15.2 

905. 

9-2B-73 

11.0 

2N  4  3F 

PTCCflC 

22.3 

887. 

10-19-72 

13.0 

3»J  4  3E 

28CCBC 

5.8 

863. 

9-27-73 

11.5 

2N  *3F 

30RDnA 

88  7. 

6-12-75 

13.0 

?N  4  3F 

36BAAR 

12.8 

8.2 

916. 

9-2P-73 

11.0 

2N  44F 

aiODOc 

.9 

890. 

10-25-72 

U.O 

JN  44E 

3aDAC 

9.5 

903. 

10-20-72 

11.0 

2N  44F 

33nnnB 

4.2 

881. 

9-13-73 

12.5 

?N     46E 

?3ABRC 

914. 

7-27-76 

11.5 

2N  47E 

22H0PD 

70.1 

13.8 

B90. 

7-14-76 

12.5 

3N  47E 

230ABC 

100.6 

55.7 

908. 

7-14-76 

25.0 

aN  4TE 

32BBBC 

21.9 

9.5 

861. 

7-13-75 

11.0 

2N  4flE 

^B^e^ 

25.0 

10.7 

922. 

8-18-76 

9.0 

ZN   4aF 

284RA 

25.0 

10.7 

922. 

7-14-76 

10.0 

aM  4RE 

15BCRC 

82.9 

62.5 

97a. 

7-15-76 

12.5 

JN  4RE 

19RDnC 

29.9 

20.0 

915. 

7-15-75 

13.0 

aN  48E 

30DOPC 

80.8 

27.4 

933. 

7-14-75 

12.0 

2N  4QE 

ACADC 

23.8 

20.8 

878. 

7-15-76 

14.0 

?N  SIE 

4CCC0 

30.8 

3.7 

856. 

8-26-76 

10.5 

2N  SIE 

aoonn 

41.5 

3.7 

887. 

8-  4-76 

11.5 

2N  53E 

IDACC 

30.8 

17.9 

850. 

8-17-76 

10.5 

CIU« 

MAGNESIUM 

SOOIUM 

POTASSIUM 

IRON 

NANCANeSe 

SILICA 

•tCAOeONATE 

CARBONAT 

C»» 

(•40) 

(NA) 

(Kl 

trtt 

<MNI 

<SI02» 

<HC03) 

IC03) 

169. 

180. 

92. 

5.3 

.93 

.13 

14.8 

484, 

0. 

170. 

I30c 

298, 

T.5 

.•2 

.28 

9.2 

425. 

0. 

22. 

14. 

69*. 

3.4 

.•8 

.83 

8.6 

507. 

J*. 

59. 

37. 

638. 

7.9 

.82 

.05 

4.9 

'  423. 

s. 

185. 

172. 

416. 

8.8 

.86 

.06 

10.7 

748. 

0. 

14. 

3. 

608. 

3.5 

.81 

.82 

8.3 

380. 

0. 

77. 

108. 

662. 

5.* 

4.38 

.09 

7.5 

449. 

0. 

162. 

136. 

TS. 

4.5 

.51 

.05 

47.1 

479. 

0. 

83. 

86. 

24. 

2.4 

.16 

.02 

11.0 

483. 

0. 

256. 

215. 

170. 

6.2 

.83 

.43 

14.0 

TBI. 

0. 

31. 

92. 

28. 

3.T 

«   .01 

.03 

11.5 

220. 

19. 

218. 

109. 

512. 

8.T 

3.80 

.10 

21.4 

376. 

0. 

169. 

98. 

55. 

6.3 

.50 

.03 

11.0 

363. 

0. 

116. 

119. 

52. 

4.6 

.83 

.03 

12.6 

361. 

0. 

138. 

20(1. 

178. 

9.2 

<   .01 

.02 

11.6 

398. 

0. 

1*7. 

12?. 

564. 

9.9 

.86 

.07 

9.6 

546. 

0. 

I29. 

91. 

24. 

4.D 

.82 

.03 

15.3 

702. 

0. 

316. 

247. 

150. 

20.0 

.83 

.01 

350. 

0. 

za.^ 

35. 

413. 

6.7 

1.51 

«   .01 

11.3 

273. 

IS. 

117. 

206. 

107. 

7.T 

<   .01 

.82 

16.0 

220. 

0. 

107. 

161. 

77. 

5.2 

1.45 

.30 

36.4 

429. 

0. 

5. 

2. 

516. 

2.3 

<   .01 

<   .01 

8.6 

968. 

30. 

3. 

0. 

450. 

1.6 

<   .01 

<   .01 

8.1 

826. 

53. 

11. 

in. 

1125. 

4.4 

.02 

.01 

6.4 

665. 

33. 

236. 

345. 

312. 

17.2 

.02 

.02 

18.3 

501. 

0. 

128. 

lOT. 

368. 

9.5 

<   .81 

.01 

24.0 

310. 

0. 

91. 

57. 

890. 

5.9 

.84 

.06 

6.4 

634. 

0. 

54. 

41. 

290. 

6.1 

<   .01 

.02 

9.6 

336. 

0. 

121. 

182. 

194. 

10.5 

<   .81 

.82 

12.5 

252. 

0. 

98. 

148. 

190. 

5.3 

<   .81 

.02 

10.7 

285. 

0. 

133. 

123. 

390. 

6.2 

.15 

.06 

21.4 

397. 

0. 

3. 

1. 

396. 

1.6 

<   .01 

<   .01 

7.5 

695. 

69. 

3. 

1. 

399. 

l.S 

<   .01 

<   .01 

7.5 

939. 

0. 

151. 

171. 

132. 

5.? 

«   .01 

.82 

9.0 

214. 

0. 

312. 

33. 

173. 

4.2 

1.20 

,08 

34.2 

349, 

0. 

79. 

47. 

950. 

4.7 

.79 

.06 

21.4 

669. 

0. 

43. 

16. 

1140. 

6.4 

<   .01 

.04 

T.5 

567. 

0. 

23. 

21. 

682. 

4.6 

.86 

.02 

7.3 

59T. 

0. 

4. 

2. 

536. 

1.8 

.20 

.01 

8.2 

897. 

9. 

5. 

2. 

626. 

2.0 

.81 

<   .01 

8.2 

1824. 

11. 

138. 

151. 

685. 

8.5 

.64 

.05 

16.6 

639. 

0. 

83. 

35. 

50. 

4.6 

.87 

.82 

11.8 

355. 

0. 

87. 

34. 

45. 

4.6 

.04 

.02 

11.9 

344. 

0. 

4. 

2. 

586. 

1.9 

.08 

.01 

8.3 

711. 

19. 

2. 

1. 

351. 

t.2 

.43 

.01 

8.0 

513. 

22. 

2. 

1. 

500. 

l.T 

.02 

<   .01 

S.l 

1152. 

0. 

21. 

10. 

T40. 

5.5 

.64 

.01 

12.4 

814. 

0. 

2. 

3. 

845. 

2.8 

.85 

.04 

8.2 

823. 

0. 

3. 

1. 

366. 

1.2 

.08 

.01 

8.5 

624. 

10. 

68. 

29. 

43. 

2.6 

.38 

.03 

11.5 

414. 

0. 

o 
en 
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INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/LT  EXCEPT  AS  NOTE&-. 
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SOLIDS 

AOSOROTKW 

CONDUCT *NCe 

PM 

OATE 

SULFATE 

CHLORIDE 

FLUORIDE 

NITRATE 

C»LC.  *S 

^STIO 

(MICROMHOS 

L&SORA- 

COLLECTING 

CONTOIBUTIKG 

LOCATION 

SAMPLED 

IS04) 

(CLI 

(F) 

(N03  AS  N) 

PESIOUEI 

(S.li.A.I 

ST  25  C) 

TORYI 

AGENCY 

AQUIFER 

• 

2N  .19E 

3404DB 

7-10-73 

950. 

7.3 

.1 

,11 

1657. 

1.2 

2050, 

7.89 

USGS 

ROSERun  COAL 

?M  40P 

6A»Pfl 

7-23-75. 

1225. 

17.6 

.2 

.34 

2067. 

4.P 

2624. 

5.43 

USGS 

SU8-MCK4y 

2N  60E 

6CRCP 

7-25-73 

1134. 

12,2 

.5 

.09 

2151. 

20.9 

2S40. 

8.39 

USGS 

SUB-MCKAY 

2N  40F 

llAASA 

6-  6-75 

1288. 

19.6 

,5 

4,52 

2257, 

16.1 

3010. 

6.84 

USGS 

SUP-MCKAY 

2N  lOE 

28AS00 

7-24-75 

1410. 

12.1 

.3 

.97 

2580. 

5.3 

3231. 

6.87 

USGS 

SUP-MCKAY 

2N  40E 

29C0CC 

7-24-75 

1  105. 

12.1 

,8 

1.36 

1903. 

38.6 

2725. 

6.83 

USGS 

SUB-MCKAY 

2N  *0F 

30Bfl/l 

7-13-73 

1656. 

12.3 

,5 

.05 

2754. 

11.4 

3350. 

8.05 

USGS 

SUP-MCKAY 

2N  «0E 

3iocrD 

11-  9-7? 

703. 

7.8 

.1 

<   .02 

1375. 

1.1 

1740. 

7.63 

USGS 

ROSEBUD  COAL 

2N  40E 

32BflAR 

7-12-73 

209. 

3.1 

.3 

.07 

657. 

.4 

991. 

7.93 

USGS 

SUB-MCKAY 

2N  4  Of 

350DrD 

7-13-73 

1216. 

9.9 

.3 

.23 

2273. 

1.9 

2670, 

7,87 

USGS 

SUP-MCKAY 

2N  41E 

1DRB4 

8-30-73 

274. 

5.5 

<   ,1 

2.06 

575, 

.5 

878. 

8.60 

USGS 

Sl'B-MCKAY 

2N  41F 

20qHA 

11-  1-72 

1736. 

9.9 

.3 

.02 

2803. 

7.1 

3290. 

8.02 

USGS 

SUB-MCKAY 

2N  4  1E 

lOBCRC 

7-19-73 

620, 

5.5 

.2 

1.58 

1147. 

.8 

S790. 

7.88 

USGS 

SUB-MCKAY 

2N  4  1E 

12CC«0 

3'-23-75 

556, 

7.8 

.3 

•  52 

1046. 

.8 

1444, 

7.75 

USGS 

BASAL  TR  SS 

2N  41E 

1740«A 

10-  3-73 

1150. 

29,0 

.2 

,23 

1921, 

2.3 

2398, 

7.95 

MRMG 

SUB-MCKAY 

2N  *1F 

21C000 

8-  7-75 

1582, 

13,5 

.8 

2,25 

2720. 

8.3 

3484. 

6.92 

USGS 

SUB-MCKAY 

2N  ♦IE 

24CaAA 

6-11-75 

177. 

3.6 

.3 

.16 

790. 

.4 

1371. 

■T.49 

USGS 

ROSEBUD  08 

2N  tlF 

30DOAA 

10-  2-73 

1  767. 

21,8 

,3 

.86 

2595. 

1.5 

3076. 

7,66 

MBM6 

SUB-MCKAY 

2N  42E 

4D4CA 

8-30-73 

832. 

8,8 

<   ,1 

.07 

1486. 

12.2 

2058. 

8.45 

USGS 

SU3-MCKAY 

2N  42E 

5CAPH 

fl-30-73 

1136. 

9.5 

,1 

.07 

1707. 

1.4 

2072. 

8.29 

USGS 

SUB-MCKAY 

2N  42E 

5CBDC 

11-  1-72 

718. 

6,0 

<   ,1 

.16 

1323. 

1.1 

1580. 

T.69 

US7S 

SUB-MCKAY 

1 

2N  43E 

2ABBD 

10-  3-73 

6, 

205.0 

2.1 

1.69 

1254. 

53.1 

2080. 

8.63 

USGS 

SUP-TEPRET 

2N  43E 

4CDAA 

9-27-73 

165. 

37,5 

3.8 

,20 

1129, 

65.4 

1T26. 

8.81 

USGS 

SUB-TFOPFT 

2N  4  3E 

lOOOAA 

10-  3-73 

1653. 

105,0 

1,0 

1.33 

3278. 

58.5 

4340. 

8.61 

USGS 

SUB-TE°PET 

1 

2N  43E 

12CBAC 

10-  3-73 

2236. 

11.4 

.1 

.75 

3423. 

3.0 

3650. 

7.73 

USGS 

UNKNOWN 

2N  4  3F 

160ABB 

10-  2-73 

1237. 

11.6 

.1 

1.78 

2039. 

5.8 

2680. 

8.05 

USGS 

SUf-TEfSET 

2N  4  3E 

18A4AC 

6-12-75 

1765, 

49,0 

.9 

3.61 

31S1, 

18.0 

484  1. 

7.83 

USGS 

UNKNOn'i 

2N  43F 

2nCABB 

10-  2-73 

623, 

3.8 

.1 

l.U 

1194, 

7.2 

1650. 

7.87 

USGS 

AL.  nO'^EBUO  TRI9 

2N  43E 

24nn00 

9-28-73 

1212. 

6.1 

.1 

.72 

1863. 

2.6 

2340. 

8.12 

USGS 

UNKNOWN 

2N  4  3E 

25BC4A 

9-28-73 

972, 

10,6 

<   ,1 

<   .02 

1575. 

2.8 

2050. 

7.71 

USGS 

Sun-TERSET 

2N  43E 

27CCBC 

10-19-72 

1247. 

34,0 

,4 

2.94 

2153. 

5.9 

2800. 

7.78 

USGS 

5ljo_TEPP£T 

2N  4  3E 

28CCBC 

9-27-73 

58, 

90.0 

4,6 

,66 

973. 

55.1 

1520. 

8.80 

USGS 

UNKNOWN 

2N  43F 

30ROOA 

6-12-75 

!, 

147,0 

3.8 

,32 

976. 

56.0 

1643. 

8.25 

USGS 

UNKNOWN 

2^J  4  IF 

36SAAB 

9-2P-73 

1114, 

12,0 

<   .1 

10,17 

1710. 

1.7 

2150. 

7.70 

USGS 

SUH-TERRET 

2N  44F 

21DD0C 

10-26-72 

957. 

12,5 

,6 

,07 

1699. 

2.5 

2030. 

7.80 

USGS 

UNKNOWN 

2N  4»E 

320AC 

10-20-72 

1800. 

23.3 

.4 

,09 

3256. 

20,9 

4350. 

7.82 

USGS 

SUC-TEPRET 

2N  44E 

3300OB 

9-13-73 

2092, 

20.9 

,3 

1,78 

3607. 

37. T 

♦  766. 

8.25 

USGS 

UNKNOWN 

2N  46E 

23ARBC 

7-27-76 

1042, 

21.6 

.8 

.95 

2097. 

24.8 

3054. 

8,10 

USGS 

UNKNOWN 

2N  4  7E 

22BDBD 

7-14-76 

373, 

38.9 

4,4 

.22 

1418. 

57.1 

2159. 

8.36 

USGS 

LFPO 

2N  4  7E 

23DAHC 

7-14-76 

422, 

52.0 

4,5 

<       .02 

1646. 

59.9 

2526. 

8,46 

USGS 

LEBO 

2N  4  7E 

32BBBC 

7-13-76 

1866. 

13.9 

,3 

<   .02 

3194. 

9.5 

♦  052. 

7,69 

USGS 

PASAL  TR  SS 

2M  48E 

2BAeA 

8-18-76 

165, 

6.0 

.3 

.86 

530. 

1.2 

850, 

7,72 

USGS 

TERRET  OB 

2N  <,flF 

28ABA 

7-14-76 

157. 

2.0 

.3 

.25 

511. 

1.0 

7S9. 

7.81 

USGS 

TEORET  OB 

2N  4SE 

15BCBC 

7-15-76 

650. 

5.6 

1.0 

.37 

1528. 

61.6 

24*7. 

8.59 

USGS 

LEBO 

2N  4flE 

19BDDC 

7-15-76 

261, 

15.5 

1.9 

.52 

916. 

57,9 

1469. 

8.83 

USGS 

SUR-TERRET 

2N  4BE 

30DDPC 

7-14-76 

0. 

90.0 

5.8 

<   .02 

1175. 

70,8 

1962. 

8.25 

USGS 

LEBO 

2N  49E 

4CA0C 

7-15-76 

990, 

12.2 

1.7 

.46 

2195. 

33.0 

3086. 

8.11 

USGS 

BASAL  TONGUE  R, 

2N  SIE 
2N  SIE 
2N  53E 

4CCCD 
20D0O 
IDACC 

8-26-76 
8-  4-76 
8-17-76 

1119. 

252. 

32. 

17.0 
4.4 
6.6 

.3 

1.6 

.2 

.03 

.17 

2.78 

2401. 
955. 
398. 

BT.l 

♦  5.6 

1.1 

3515. 
1533, 

668. 

8.21 
8,62 
7,69 

USGS 
USGS 
USGS 

BASi^TONGUE  «, 
BASALTONGOE  R. 
HELL  CO. 

♦NOTE* 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (M6/L)  EXCEPT  AS  NOTED. 
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1^ 
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5T*TIC 

LAND 

WFLL 

WATER 

SURFACE 

DEPTH 

LEVEL 

»L  T I TOOE 

DATE 

TEMPER- 

CALCTU'4 

MAGNESIUM 

SODIUM 

POTASSIUM 

1 

IRON 

HANSANESe 

SILICA 

BICARBOMATE 

CARBONATE 

LOCATIDN 

(METEBSI 

(MFTERSI 

(METERS) 

SAMPLED 

ATURE  (C) 

(CAl 

CM6I 

(NA) 

(Kt 

IFE» 

(MNI 

(51021 

(MC01I 

(C03» 

IN  ^hE 

IRSDD 

'0?4. 

T-  9-73 

12.5 

32. 

165. 

105. 

.7.1 

< 

.91 

.01 

13.2 

*81. 

0. 

IN  16F 

IRSOD  ? 

15.? 

3.0 

1023. 

8-IB-75 

n,o 

123. 

172. 

106  = 

7,1 

=  91 

.13 

11.3 

592, 

0. 

IN  16F 

uccni 

18.4 

1 058. 

9-  4-75 

13.0 

37. 

24. 

389. 

4.8 

•  SI 

.05 

7.0 

458. 

0. 

IN  IhF 

19eR 

30. B 

8-  1-72 

11.0 

31. 

11. 

910. 

2.9 

« 

.01 

.02 

15.0 

459. 

0. 

IN  1TF 

2RAA* 

7.6 

990. 

6-22-73 

11.0 

99. 

.122. 

576. 

11.5 

.02 

<   .01 

8.1 

276. 

1. 

IN  T7E 

ftiCAD 

IS. 2 

9.1 

1030. 

7-  9-73 

4. 

188. 

227. 

5.9 

.01 

<   .01 

12.1 

383. 

76. 

IN  37E 

rnnnn 

?9.9 

14.2 

1044. 

8-18-75 

10.5 

130. 

132. 

61. 

9.1 

.01 

.01 

10. 1 

417. 

0. 

IN  17F 

I44crc 

39.6 

1035. 

7-20-72 

10.5 

162. 

132. 

142. 

5.2 

.62 

.13 

25.9 

454. 

0. 

IN  -(7F 

i5B»«n 

1000. 

7-20-72 

10.0 

47. 

45. 

7P0. 

6.T 

T.OO 

.15 

27.8 

416. 

7. 

IN  37E 

15RBCA 

*2.7 

5.2 

997. 

7-20-21 

14.1 

6. 

2. 

564. 

1.8 

.05 

.02 

19.3 

679. 

16. 

IN  17F 

aOARCA 

45.7 

1061. 

7-27-73 

11.0 

101, 

139. 

137. 

5.8 

< 

.01 

.03 

15.4 

490. 

A. 

IN  37F 

a2HR«n 

1009. 

7-20-72 

9.5 

76. 

42. 

4)5. 

5.4 

1.80 

.15 

23.5 

♦43. 

0. 

IN  T7E 

23DRro 

?♦.» 

1069. 

7-20-72 

12.0 

122. 

112. 

120. 

4.3 

1 

i«.eo 

.16 

25.7 

405. 

0. 

IN  37F 

?7BrtCR 

9.1 

2.4 

1020. 

8-13-72 

11.0 

52. 

59. 

458. 

6.3 

< 

.01 

.01 

20.5 

265. 

0. 

IN  37F 

334AAB 

39.6 

1015. 

7-  2-73 

.9 

79. 

178. 

219. 

13.0 

< 

.01 

.20 

19.4 

535. 

22. 

IN  37F 

3SCRCR 

1031. 

8-11-72 

10.0 

44. 

99, 

55. 

5.0 

< 

.01 

.01 

45.8 

278. 

2. 

IN  3SF 

BAHRO 

44.5 

31.4 

1053. 

6-27-73 

10.0 

3. 

1. 

650. 

4.0 

< 

.0) 

<   .01 

2.4 

138. 

15. 

IN  39E 

??cccc 

9.1 

1.5 

1038. 

9-27-73 

9.0 

74. 

139. 

56. 

6.3 

< 

.01 

<   .01 

13.1 

537. 

0. 

IN  3ftE 

??cccc 

9.1 

1.5 

1038. 

7-18-72 

6.0 

81. 

106. 

235. 

4.8 

3.08 

.39 

17,1 

439. 

0. 

IN  3eF 

23HBRn 

36.6 

18.3 

1073. 

7-  3-73 

12.0 

65. 

114, 

288. 

7.3 

< 

.01 

<   .01 

9.9 

187. 

a. 

IN  3BF 

3f,0RAA 

*2.7 

2.4 

1062. 

7-  7-73 

11.5 

120. 

50. 

493. 

7.9 

< 

.01 

.01 

9.4 

253. 

0* 

IN  3BF 

28AAAA 

♦  B.8 

'.039. 

6-29-73 

12.5 

11. 

2. 

556. 

2.4 

< 

.01 

<   .01 

12.8 

324. 

*. 

IN  3RF 

?84AAA 

4q,B 

1039. 

7-18-72 

13.0 

11. 

2. 

530. 

2.4 

.09 

.01 

19.3 

337. 

0. 

IN  3flE 

?9ADrA  1 

lOSI. 

7-21-72 

10.0 

50. 

88. 

26. 

2.7 

.57 

.04 

23.5 

395. 

0. 

IN  3BF 

?9ADCA  P 

30. S 

1061. 

7-21-72 

13.5 

57. 

70. 

22. 

2.9 

.05 

.10 

21.4 

431. 

0. 

IN  3eE 

?9Anrc 

6.1 

i.e 

105S. 

7-31-72 

12.5 

44. 

125. 

22. 

3.6 

< 

.01 

.08 

23.5 

548. 

3. 

IN  3RE 

29ADnA 

6.1 

1049. 

7-31-72 

8.0 

80. 

146. 

81. 

3.0 

< 

.01 

.01 

19.3 

486. 

0. 

IN  3BF 

?9CAflO 

13.7 

1070. 

8-11-72 

8.2 

49. 

80. 

21. 

1.8 

< 

.01 

<   .01 

286.7 

336. 

0. 

IN  3flE 

31CCC0  1 

1076. 

8-12-72 

12.0 

45. 

43. 

244. 

3.4 

< 

.01 

.01 

28.7 

420. 

s. 

IN  3FiE 

31CCCD  ? 

50.3 

21.3 

1077. 

1-24-73 

245. 

106. 

39. 

2.7 

.04 

.13 

32.1 

644. 

0. 

IN  3PE 

32BBAA 

».6 

1.8 

1064. 

8-10-72 

11.8 

37. 

46. 

4. 

16.0 

< 

.01 

.01 

28.7 

314. 

2. 

IN  3flE 

3aRBR0 

1075. 

8-10-72 

12.4 

7. 

14. 

174. 

3.2 

< 

.01 

<   .01 

11.5 

381. 

18. 

IN  3flE 

38BRCA 

6n.6 

38.7 

1077. 

8-10-72 

13.5 

51. 

28. 

4B0. 

4.3 

< 

.01 

.03 

13.7 

346. 

6. 

IN  3RF 

36BACn 

1078. 

7-26-73 

1.3 

105. 

58. 

422. 

8.2 

,05 

.05 

9.2 

193. 

0. 

IN  ?<)E 

5CBRA 

91.4 

1123. 

7-  5-73 

12.0 

20. 

8. 

745. 

4.1 

.08 

.03 

5.4 

258. 

0. 

IN  39E 

19CAA8 

1157. 

10-  4-73 

9.0 

29. 

18. 

825. 

4.7 

.01 

<   .01 

7.4 

496. 

19. 

IN  3QF 

24BHRC 

37.2 

18.9 

'Ift*-. 

9-27-73 

12.0 

130. 

182. 

213. 

10.5 

.02 

.05 

12.7 

462. 

0. 

IN  39F 

30eCAC 

1106. 

10-  4-73 

13.1 

31. 

220. 

1093. 

6.5 

< 

.01 

.15 

10.3 

618. 

0. 

IN  39F 

31AAAC 

U5?. 

7-27-73 

10.5 

55. 

149. 

23R. 

10.0 

< 

.01 

.03 

12.1 

334. 

0. 

IN  4nF 

2BRn 

13.* 

.10.2 

1168. 

7-19-73 

9.0 

46. 

35. 

6. 

1.9 

.02 

.01 

11. 0 

234. 

0. 

IN  40E 

2C0CC 

30.5 

12.9 

1070. 

10-  2-73 

11.0 

110. 

107. 

37. 

3.9 

< 

.01 

<   .01 

12.8 

376. 

0. 

IN  4  OF 

lacBA 

12.2 

10. R 

1036. 

11-  2-72 

10.5 

105. 

160. 

78. 

5.8 

.08 

.01 

52.0 

447. 

0. 

IN  (.OF 

13AHAA 

1044. 

10-  2-73 

11.0 

166. 

204. 

124. 

8.3 

< 

.01 

<   .01 

18.3 

361. 

0. 

IN  4nF 

14PHBe  1 

1048. 

10-19-77 

11.0 

100. 

144. 

81. 

7.2 

.01 

.01 

13.7 

532. 

0. 

IN  *nF 

14BRBB  1 

1048. 

10-  3-73 

10.0 

57. 

145. 

94. 

B.O 

< 

.01 

<   .01 

12.7 

420. 

0. 

IN  60F 

14RBBfl  2 

6.1 

1048. 

10-  3-73 

33. 

136. 

79. 

7.5 

< 

.01 

<   .01 

13.5 

354. 

0. 

IN  40F 

I5RRCB 

1561. 

9-24-73 

U.O 

91. 

110. 

104. 

4.3 

< 

.01 

.01 

19.6 

3T4. 

0. 

IN  40t 

?9ACRR 

70.7 

1084. 

9-24-73 

11.0 

16. 

5. 

650. 

3.6 

< 

.01 

<   .01 

6.5 

462. 

0, 

IN  60E 

350flflC 

9.1 

7.0 

1005. 

3-24-76 

9.0 

151. 

202. 

585. 

7.4 

.32 

,02 

13.6 

502. 

0. 

IN  41E 

3Cono 

26.2 

20.3 

ifllS, 

8-20-73 

11.5 

13. 

145. 

63. 

5.0 

2. TO 

.22 

9.6 

256. 

IB. 

o 
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DISSOLVED         SODIUM 
SOLIDS         ADSOttPTION 


nare 

SOLFftTE 

CHLOHIOE 

FLUORIDE 

NITRATE 

CALC.  AS 

RATIO 

LOCaT ION 

SaMPLEO 

(S04I 

(CLI 

(F) 

(N03  as  N> 

RESIDUE) 

(S.A.I 

IM 

16f 

iBonn 

7-  <3-73 

652. 

6.5 

<   .1 

.1* 

1178. 

1.7 

IN 

Ih"^ 

ipann  ? 

fl-ie-75 

643. 

5.4 

.1 

.36 

140B. 

1.* 

IN 

^fi"^ 

1  arena 

9-  4-75 

639. 

10,4 

.3 

.50 

1338. 

12.2 

IN 

IhF 

1  9PI1 

n-  1-72 

1628. 

13.8 

.4 

1.08 

2839. 

35.9 

IN 

i7r 

?HA«a 

f>-??-73 

1736. 

12.1 

.1 

1.36 

2702. 

9.2 

IN 

T7F 

'.acafi 

7-  9-73 

830. 

6.5 

<    .1 

.07 

1538. 

3.5 

IN 

-17E 

7nnnB 

fl-!8-75 

592. 

19,1 

.2 

5.70 

1164. 

.9 

IN 

T7F 

144crc 

7-20-72 

»20. 

8.5 

.5 

.41 

1521, 

2,0 

IN 

■■TF 

1 SPftflO 

7-20-72 

1440. 

11.7 

.3 

.16 

2498. 

17.5 

IN 

17F 

ISBflCa 

7-20-2! 

635. 

6,1 

.3 

<   .02 

1584. 

52.0 

IN 

T7F 

POaPCa 

7-27-73 

720. 

5.8 

.1 

<   .02 

1365. 

2.1 

IN 

-(7F 

??HF1S0 

7-20-72 

859. 

6,1 

.4 

<   .02 

1647. 

9.5 

jN 

T'F 

?  jriHrn 

7-20-72 

676, 

9.5 

.3 

<   .02 

1280. 

1.9 

IN 

T7F 

?7HnrH 

R-13-72 

1103. 

8.4 

.3 

.32 

1838. 

10.3 

IN 

''7F 

3 1  a  A  a  R 

7-  2-73 

918. 

10.0 

.2 

.14 

1722. 

3.1 

IM 

-17F 

3SCHrR 

n-1 1-72 

390. 

4.3 

.3 

.36 

734, 

1.1 

IN 

TRf 

nannn 

fl-27-73 

1224. 

12.6 

.4 

.52 

1981. 

80.8 

IN 

IRF 

??cccc 

9-27-73 

420. 

5.4 

.2 

.68 

979. 

.9 

IN 

THF 

??ccrc 

7-18-72 

767. 

10.7 

.3 

<   .02 

1441. 

♦  .O 

IN 

3«F 

23RRBn 

7-  3-73 

1070. 

7.2 

<   .1 

.38 

1654. 

5.0 

IN 

i'aF 

?<,nRaa 

7-  7-73 

1292. 

7.1 

<   .1 

.84 

2104, 

9,6 

IN 

Tar 

psaaaa 

6-29-73 

944. 

9.4 

.3 

.23 

1701. 

40,9 

IN 

?BF 

?«aaaa 

7-1R-72 

880. 

9.8 

.4 

.07 

1621. 

38.5 

IN 

1BF 

pqaora  i 

7-21-72 

160. 

32.4 

.1 

4.86 

583. 

.5 

IN 

IRF 

?9anca  ? 

7-21-72 

120. 

7.8 

.2 

.68 

514, 

.5 

IN 

■(RE 

?9anrc 

7-31-72 

196. 

0.5 

.2 

1.06 

696. 

.4 

IN 

TIF 

atjanna 

7-31-72 

540. 

10.3 

.3 

.56 

1119. 

1.2 

IN 

3aF 

?9CaBD 

6-11-72 

152. 

28.1 

.1 

T.OO 

791. 

.4 

IN 

IflF 

3iccrD  1 

fl-12-72 

445. 

3.6 

.1 

.66 

1025. 

6.2 

I'l 

:ifl'^ 

3KCCD  ? 

1-24-73 

568. 

B.O 

<   .1 

.09 

1318. 

.5 

IN 

-iflr 

3a'5Raa 

8-10-72 

42. 

1.8 

•  2 

.41 

332. 

.1 

IN 

"i^E 

32nnPD 

fl-10-72 

102. 

5.2 

.1 

.3* 

523. 

8.8 

IN 

3nF 

32PRCa 

8-10-72 

951. 

5.0 

.1 

.16 

1710. 

13.4 

IN 

laF 

3ePaf n 

7-26-73 

1216. 

6.9 

<   .1 

2.71 

1923. 

8.2 

IN 

.T9F 

SCpna 

7-  5-73 

1402. 

12.6 

.5 

.05 

2326. 

35,4 

IN 

ItJF 

19CaaB 

10-  4-73 

1478. 

6.6 

1.3 

.59 

2634. 

29.5 

IN 

TQF 

?4nRRC 

9-27-73 

1085. 

9.4 

<   .1 

.56 

1870. 

2.8 

IN 

1t>F 

30BCac 

10-  4-73 

2506. 

82.0 

.1 

17.39 

4270. 

15.2 

IN 

iqF 

aiaaac 

7-27-73 

94  8. 

4.2 

.1 

.27 

1581. 

3.8 

IN 

40F 

2MRn 

7-19-73 

58. 

7.0 

.1 

3.48 

282. 

.1 

IN 

40F 

^cncc 

10-  2-73 

463. 

3.7 

.2 

.16 

922. 

.6 

IN 

4  OF 

I?CPa 

11-  2-72 

690. 

4,6 

.2 

,36 

1326. 

1.1 

IN 

4nF 

napaa 

10-  2-73 

1185. 

7.0 

.1 

1.06 

1891, 

1.5 

IN 

4nF 

14RRBB   1 

10-19-77 

558. 

11.5 

,3 

2.03 

11T9. 

1.2 

IN 

40F 

14RPRH  1 

10-  3-73 

585. 

.2 

2.28 

1110. 

1.5 

IN 

40F 

14RRBR  ? 

10-  3-73 

499. 

8.9 

.2 

4.18 

956. 

1.4 

IN 

40F 

15PRCH 

9-24-73 

586. 

4.2 

.1 

.16 

1103. 

l.T 

IN 

4(1F 

?9aCRB 

9-24-73 

1045. 

7.4 

<   .1 

.5« 

1951. 

36.2 

IN 

40F 

360BRC 

3-24-76 

1861. 

13.2 

.3 

.03 

3130. 

7.3 

IN 

41F 

3CDno 

fl-20-73 

490. 

8.6 

<   .1 

.1* 

BSl. 

1.1 

SPECIFIC 

CONDUCTANCE 

PH 

(MICROMHOS 

LABORA- 

COLLECT INS 

CONTOieuTING 

AT  25  C) 

TORY) 

AGENCY 

AOUIFER 

1640. 

B.IB 

KP«G 

UNKNOSN 

1878. 

T.78 

US6S 

SU9-R0BINS0N 

1979. 

8.12 

US6S 

SUP -ROBINSON 

3430. 

8.30 

MRHG 

TULLOCK  SAND 

3414. 

8.06 

MBM6 

sue-BoeiNSON 

2074. 

9.00 

MHMG 

SUB-POP  I NSON 

1582. 

7.23 

USGS 

SUB-OOBINSON 

2000. 

7.65 

MRMG 

SUB-POP  I NSON 

3340. 

8.5* 

MBHG 

SUB-RORINSON 

2320. 

8.70 

MBMG 

SUP-ROBINSON 

1835. 

t.Tl 

MBMG 

SU8-R0PINS0N 

2230. 

e.20 

MPMG 

SU8-R09INS0N 

1690. 

7.T9 

■MBMG 

ROBINSON  COAL 

2430. 

8.30 

MRH6 

suB-ooeiNSON 

2270, 

8.00 

MBMG 

SUB-RORINSON 

1089. 

8,39 

MBMG 

ALLUV.SaOPY  TRIB 

2780. 

8.78 

MPHG 

SUB-R09INS0N 

1398. 

8.00 

MBMG 

BOSEPUO-MCKAT  OB 

1960, 

7.9* 

MPMG 

R0SEPU0-HCK4Y  OB 

2170. 

8.07 

MBMG 

SUB-RORINSON 

2777. 

8.25 

MpMG 

SUB-RORINSON 

2310. 

8.39 

MPMG 

SUB-ROPINSON 

2290. 

8.05 

MPMG 

SUB-ROPrNSDN 

925. 

8.06 

MBMG 

ROSEBUD-MCKAY  C. 

816. 

8.07 

MBMG 

ROSEBUD-MCKAY  C. 

1050. 

8.32 

MBMG 

ROSFPUD-MCKaY  08 

1520. 

7.95 

MBMG 

ROSFRUD-'^CKAY  08 

83*. 

8.16 

MBMG 

ROSEPUO-MCKAY  C. 

1470. 

B.** 

MBMG 

UNKNOWN 

1680. 

7.33 

MPMG 

R09INS0N  COAL 

540. 

B.33 

MflMG 

ALLUV. SARPY  TRI8 

909, 

e.ei 

MBMG 

UNKNOuN 

2290. 

8.45 

MPMG 

SUP-POBINSON 

2510. 

8.15 

MPMG 

UNKNOWN 

3140. 

8.18 

USGS 

ROSEBUD  OP. 

3582. 

8.*7 

MBMG 

UNKNOWN 

2423. 

7.78 

MPMG 

UNKNOWN 

5258. 

8.09 

MBMG 

UNKNOWN 

2100. 

8.10 

MPMG 

UNKNOWN 

483. 

7.87 

USGS 

ROSEPUO  COAL 

1258. 

8.09 

MBMG 

ROSEBUD  COAL 

1660. 

7.82 

USGS 

ALLUV.  E.&RMELLS 

2298. 

T.85 

MPMG 

UNKNOWN 

1605. 

7.88 

MPMG 

UNKNOWN 

15*2. 

8.0* 

MPMG 

UNKNOWN 

134*. 

8.19 

MPMG 

UWCNOWN 

1520. 

T.71 

MBMG 

UNKNOWN 

2756. 

B.?3 

«9«G 

SUB-MCKAY 

3835. 

7.8* 

USGS 

TOSEBUO  OB 

12*0. 

8.*9 

USGS 

tMJSEBUO  COAL 

o 

00 
I 


»NOTE» 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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# 


© 


STATIC 

LANH 

WELL 

KATEB 

SURFACE 

DEPTH 

LEVEL 

AuTintOE 

DATE 

TEMPEB- 

CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

NAMGANESE 

SILICA 

aiCARBONATE 

CARBONATE 

LOCATION 

IMETEPSI 

IMETEHS) 

(METEHSI 

SAMPLED 

*TURE(C) 

(C«l 

(MGI 

(NA) 

(K> 

JFEi 

INN) 

(SI02) 

(HC03) 

(COS! 

IN  41F 

70BP4 

3P.1 

1024. 

10-  3-73 

11.0 

lis. 

89. 

27. 

3.9 

.06 

.06 

39.5 

283. 

9. 

IN  41F: 

HORnC 

llR.is 

1012. 

3-19-73 

13.0 

14. 

3. 

603. 

3.6 

.65 

.02 

15.2 

♦  13. 

0. 

IN  41F 

BCBAfl 

3<1.S 

1023. 

10-  2-73 

11.0 

35. 

70. 

27. 

3.2 

<   .01 

<   .01 

15.0 

366, 

0. 

IN  «1E 

8CBAR  1 

30.5 

6.1 

1023. 

3-18-73 

9.0 

72. 

7*. 

26. 

3.0 

.10 

.02 

40.6 

♦  51. 

0. 

IN  *lf 

l?rRDR 

1027. 

8-  2-73 

15.5 

62. 

184. 

320. 

7.4 

.10 

.05 

12.0 

303. 

0. 

IN  41F 

?6BC«R 

59.4 

7.0 

972. 

4-  6-76 

162. 

317. 

152. 

9.3 

.02 

.01 

17.5 

590. 

0, 

IN  41F 

?6HC«H 

59.4 

7.0 

972. 

2-27-76 

150. 

334. 

151. 

9.5 

.03 

<   .01 

16.9 

595. 

D. 

IN  4?F 

loccnc 

13.1 

5.7 

937. 

10-18-72 

10.5 

246. 

325. 

182. 

8.2 

.1* 

.01 

♦  7.1 

319. 

Q, 

IN  *?F 

19nRR4 

20.4 

6.5 

954. 

8-  2-73 

11. 0 

45. 

109. 

170. 

5.6 

.33 

.08 

12.0 

369. 

15. 

IN  42F 

2?C»Rn 

16. fl 

930. 

9-  6-73 

11.0 

253. 

380. 

51*. 

11. 0 

1.77 

.23 

10. T 

♦  77. 

0, 

IN  4?F 

?5RCnD 

28.7 

4.3 

893. 

9-  6-73 

113. 

102. 

818. 

12.7 

.01 

<   .01 

8.7 

518. 

♦  . 

IN  4aF 

?8BnDC 

16.2 

5.3 

911. 

8-30-73 

10.0 

38. 

1*5. 

202. 

T.O 

.70 

.08 

11.8 

321. 

15. 

IN  4?F 

33ftnRC 

1?.8 

6.3 

905. 

9-28-72 

10.0 

111. 

122. 

620. 

12.0 

3. OS 

.14 

59.9 

515. 

0. 

IN  4?F 

34«C4B 

83.8 

2.3 

902. 

2-  1-73 

30. 

10. 

♦  90. 

5.0 

.02 

.03 

19.3 

♦5^. 

0. 

IN  43F 

2CC04 

15.2 

12.5 

917. 

9-28-73 

10.5 

36. 

47. 

45. 

2.6 

<   .01 

.01 

9.* 

196. 

0. 

IN  4  IF 

9D0nA 

904. 

9-29-73 

11.5 

170. 

378. 

362. 

9.6 

.01 

.03 

U.7 

186. 

0. 

IN  4,-IF 

1744C4 

11.9 

884. 

10-18-72 

10.5 

5. 

2. 

440. 

1.4 

.28 

.01 

19.3 

♦80. 

0. 

IN  43F 

33BRRB 

10,1 

5.T 

911. 

10-  1-73 

10.5 

89. 

125. 

73. 

B.O 

<   .01 

.01 

25.2 

29^. 

0. 

IN  44F 

404R0 

13.7 

6.7 

881. 

6-13-75 

12.0 

29. 

16. 

1220. 

5.8 

.»2 

.04 

6.9 

795. 

0. 

IN  44F 

7AAD4 

14.1 

901  . 

11-29-72 

11.0 

280. 

400. 

470. 

6.9 

.68 

.56 

23.5 

♦  79. 

0. 

IN  44E 

lOCDRC 

50.3 

29.3 

869. 

9-30-73 

12.5 

14. 

6. 

420. 

3.6 

«   .01 

.01 

8.7 

♦  64. 

20. 

IN  44F 

laCBCA 

152.4 

838. 

9-12-73 

16.0 

3. 

1. 

508. 

l.T 

«   .01 

<   .01 

10. 1 

10^2. 

39. 

1 

IN  44F 

14RRnC  1 

213.4 

840. 

9-25-73 

14.5 

3. 

1. 

510. 

1.5 

<   .01 

.01 

8.7 

981. 

53. 

o 

IN  44F 

14BBnC  2 

9.1 

840. 

9-  4-75 

12.0 

177. 

152. 

620. 

1*.* 

.03 

.01 

21.5 

830. 

0. 

LO 

IN  44F 

P7CRAC 

853. 

9-13-73 

14.0 

3. 

1. 

525. 

1.7 

<   .01 

<   .01 

9.^ 

1055. 

53. 

1 

IN  44F 

?9ACRD 

882. 

9-13-73 

11. 0 

114. 

98. 

210. 

9.6 

<   .01 

<   .01 

11.1 

203. 

Q. 

IN  44E 

31  SABA 

21.3 

.9 

924. 

9-13-73 

13.0 

3. 

1. 

364. 

1.7 

<   .01 

<   .01 

8.6 

♦  ♦9. 

34. 

IN  46E 

3DBno 

202.1 

10.1 

908. 

7-22-75 

11.0 

115. 

188. 

402. 

6.5 

.72 

.11 

8.2 

612. 

0. 

IN  4ftF 

6ACRC 

28,3 

904. 

JO-  5-76 

10.6 

135. 

180. 

337. 

6.3 

5.50 

.18 

9.7 

838. 

0. 

IN  46E 

?6AaCB 

228,6 

121.9 

973. 

7-21-76 

15.5 

3. 

1. 

291. 

l.« 

.05 

<   .01 

7.7 

639. 

15. 

IN  4ftF 

30RCrB 

29.3 

21.6 

942. 

7-21-76 

12.0 

128. 

ion. 

488. 

7.8 

2.95 

.51 

11.6 

500. 

0. 

IN  47E 

4CCAA 

43.0 

8.1 

905. 

7-13-76 

11.0 

88. 

95. 

186. 

5.1 

.08 

<   .01 

11.7 

♦  15. 

0. 

IN  47F 

jooanc 

33.5 

9.3 

949. 

7-  7-76 

13.0 

286. 

180. 

406. 

9.0 

.05 

.05 

10.8 

550. 

0. 

IN  47F 

230Bno 

36.6 

6.1 

942, 

7-  8-76 

10.5 

104. 

74, 

854. 

5.8 

1.37 

.22 

8.9 

786. 

0. 

IN  47F 

P7CAC0 

36.6 

18.3 

954. 

7-  8-76 

11.5 

35. 

25. 

600. 

3.5 

.09 

.0* 

7.9 

5^4. 

0. 

IN  47F 

35ABCC 

27.4 

12.2 

991. 

7-  7-76 

12.0 

155. 

118. 

160. 

4.3 

.55 

.15 

11.0 

549. 

0. 

IN  4HF 

??ACBB 

45.1 

13.9 

938. 

6-29-76 

14.0 

9. 

3. 

748. 

2.4 

.02 

.03 

6.8 

♦  89. 

5. 

IN  4flE 

?8cnAn 

22.6 

2.1 

931  . 

6-29-76 

10.5 

72. 

34. 

aeo. 

4.6 

.IT 

.20 

9.5 

♦  38. 

0. 

IN  40F 

IBBDAA 

45.7 

12.2 

908. 

6-18-76 

11.0 

7. 

3. 

589. 

2.2 

.08 

.01 

8.6 

92^. 

7. 

IN  49E 

?SAAC8 

106.1 

4.5 

985. 

7-  1-76 

11.5 

103. 

61. 

13. 

5.6 

.09 

.01 

14.1 

♦  29. 

0. 

IN  4t)F 

26r,BRD 

70.7 

45.7 

1038. 

7-  2-76 

11.0 

102. 

55. 

19. 

2.7 

.52 

.53 

13. ♦ 

512. 

0. 

IN  4qF 

300flBC 

17.7 

3.5 

920. 

6-30-76 

10.5 

196. 

138. 

349. 

T.8 

3.20 

.21 

13. ♦ 

♦  20. 

0. 

IN  49F 

36ADA0 

31.7 

21.2 

1007. 

7-  1-76 

14.0 

290. 

190. 

60. 

5.3 

2.89 

.36 

17.9 

674. 

0. 

IN  SOF 

32BAAa 

93.0 

61.0 

1011. 

8-  4-76 

11.5 

170. 

141. 

148. 

6.9 

17.40 

.26 

12.0 

485. 

0. 

IN  S?E 

26CnAA 

26.2 

12.8 

99R. 

8-24-76 

10.0 

82. 

40. 

52. 

3.5 

2.3* 

.♦3 

11.6 

♦♦6. 

0. 

IS  17F 

IBAAD 

54.9 

30. 5 

1067. 

9-11-73 

11.1 

67. 

61. 

633. 

6.0 

<,   .01 

<   .01 

8.3 

337. 

0. 

IS  37F 

36ABD 

1025. 

7-  5-73 

9.5 

54. 

136. 

12*. 

7.9 

«   .01 

<   .01 

27. 1 

510. 

0. 

IS  37E 

6CCBB 

29.6 

18.3 

1045. 

7-  3-73 

8. 

37. 

211. 

5.8 

<   .01 

<   .01 

2.5 

♦  17. 

17. 

15  37E 

13RC0B 

1067. 

9-10-73 

U.O 

♦  3. 

207. 

1*9. 

8.2 

.SI 

.10 

U.l 

209. 

0. 

IS  3RE 

3CACC 

54.9 

24.4 

1113. 

6-27-73 

11.7 

25. 

SI. 

22. 

3.1 

<   .01 

<   .01 

2.0 

28*. 

1. 

"NOTE* 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  IMG/L)  EXCEPT  AS  NOTED. 
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DISSOLVED 

SODIUM 

SPECIFIC 

SOLIDS 

ADSORPTION 

CONOOCTANCe 

PH 

DATE 

SULFATE 

CHLORIDE 

FLUORIDE 

NITRATE 

CALC.  AS 

RATIO 

(MICROMHOS 

LABORA- 

COLLECTING 

C0NTSI8UTING 

LOC*TI0N 

SAMPLED 

!SO*l 

(CL  1 

(Fl 

(N03  AS  Nt 

RESIDUE) 

<S.«.R.) 

«T  25  C) 

TORY) 

A6FNCY 

40UIFER 

IN  41E 

THRFId 

10-  3-73 

427. 

6.1 

.2 

4.52 

864, 

.5 

1160. 

8.48 

MRMG 

ROSERDO  COAL 

IN  *1E 

RORnr 

3-19-73 

978. 

7.9 

.4 

<   .02 

1829. 

37.5 

2610. 

8.04 

H  EL 

SUR-MCKAY 

IN  41F: 

flCR4R 

10-  2-73 

118. 

4.3 

<    .1 

.52 

454. 

.6 

775. 

8.12 

MB«G 

ROSEBUD  COAL 

IN  41E 

8CR«R  1 

3-18-73 

147. 

5,9 

.2 

•  93 

592, 

.5 

869. 

7.51 

H  EL 

BOSERUO  COAL 

IN  41F 

12CRDR 

8-  2-73 

1300. 

12.0 

<   .1 

.56 

2047. 

4.6 

254  0. 

8.10 

US6S 

UNKNOWN 

IN  41E 

26RC«fl 

4-  6-76 

1'.29. 

12,2 

.2 

.T3 

2390. 

1.6 

2960. 

7.96 

MRMG 

SUB-MCKAY 

IN  41E 

26flC0B 

2-27-76 

1481. 

13.2 

.2 

.59 

2449. 

1.6 

2949. 

7.73 

USGS 

SUB-WCK4Y 

IN  42f 

loccnc 

1 0-18-72 

1998. 

16.5 

.4 

<   .02 

2980. 

1.8 

3160. 

7.97 

USGS 

4LLUV.SFK.C0H  CR 

IN  4?F 

19nRRa 

8-  2-73 

S6S. 

8.5 

•  2 

.07 

1115. 

3.1 

1510. 

8.42 

USGS 

HCKAY  COAL 

IN  42F 

2?C4Pn 

9-  6-73 

2790. 

16.9 

.2 

.05 

4212. 

4.8 

♦  696. 

B.02 

USGS 

ALLUV.ROSERUO  CR 

IN  4?f: 

psRcno 

9-  6-73 

1920. 

16.8 

.6 

.05 

3250. 

13.4 

4000. 

8.34 

USGS 

SUP-'WCKAY 

IN  4?F 

2flBnnc 

8-30-73 

834. 

9.9 

•  2 

.11 

1422. 

3.3 

1905. 

8.68 

USGS 

SUB-"CKAY 

IN  4?F 

3340RC 

9-28-72 

1642. 

15.8 

.5 

.0? 

2840. 

9.7 

3490. 

8.16 

USGS 

SUR-«Cf;4Y 

IN  42F 

344C4R 

2-  1-73 

758, 

10.2 

.6 

.86 

1547. 

20.0 

2*20. 

7,94 

USGS 

SU9-MCK4Y 

!N  4  3F 

ZCCOH 

9-28-73 

206, 

6,7 

.1 

.12 

449. 

1.2 

707. 

7.98 

USGS 

»L.  SAND  COULEE 

IN  43F 

90004 

9-29-73 

2526. 

17.9 

<   .1 

5.87 

3576. 

3.5 

3750, 

7.71 

USGS 

UNKNOWN 

IN  4  3F 

1  74404 

10-18-72 

565. 

13.2 

2.2 

.23 

1285. 

41.7 

2050. 

8.05 

USGS 

SUB-MCKAr 

IN  4  3F 

33BRflH 

10-  1-73 

642. 

4.6 

.1 

c   .02 

nil. 

1.2 

1410. 

7.85 

USGS 

4L.  GREENLEAF  CR 

IN  44F 

404R0 

6-13-75 

1982. 

42.0 

.9 

1.94 

3695. 

45. ♦ 

5436. 

7.98 

USGS 

SUB-TERRET 

IN  44F 

74AD4 

11-29-72 

2815. 

30.0 

.2 

1.72 

4264. 

4.2 

4530. 

7.73 

USGS 

SUB-TERRET 

IN  44F 

lOCDOC 

9-30-73 

494  , 

12.3 

1.1 

.36 

1209. 

23.5 

1780. 

8.70 

USGS 

5UH-TERPET 

IN  44F 

12CSC4 

9-12-73 

73. 

83.0 

6.0 

.07 

1236. 

75.5 

1998. 

8.63 

USGS 

DEEP  SAfJDSTONE 

IN  44F 

I4RRnC  1 

9-25-73 

66. 

115.0 

6.0 

.14 

1246. 

70.9 

1994. 

8,54 

USGS 

DEEP  SANDSTONE 

IN  44E 

I4RB0C  2 

9-  4-75 

1631. 

46.2 

.3 

7.41 

3078. 

9.3 

3960, 

6,51 

USGS 

ALLUV. TONGUE  H. 

IN  44F 

27C84C 

9-13-73 

1. 

126.0 

.9 

.07 

1239. 

72,4 

2036, 

8.85 

USGS 

UNKNOWN 

IN  44E 

294CR0 

9-13-73 

948. 

10.3 

.4 

1.69 

1503. 

3.5 

1946. 

8.28 

USGS 

SUB-TERRET 

IN  44E 

3144P4 

9-13-73 

332. 

13.9 

1.7 

.50 

981  . 

48.9 

1552. 

8.88 

USGS 

SUB-TEHRET 

IN  45E 

3DB00 

7-22-75 

1365. 

18,0 

.3 

.0* 

2405. 

5.4 

3101. 

7.72 

USGS 

UNKNOkN 

IN  46F 

64CBC 

10-  5-76 

1067. 

26.0 

.5 

.02 

2179. 

4.5 

2892. 

7.38 

USGS 

BASAL  TR  SS 

IN  46E 

264BCR 

7-21-76 

61. 

13.1 

1.8 

.43 

710. 

38.4 

1140. 

8.61 

USGS 

TULLOCK 

IN  46F 

30Bcro 

7-21-76 

1379. 

8.2 

.4 

<   .02 

2379. 

7.7 

3085. 

7.57 

USGS 

SUR-KNOBLOCH 

IN  47E 

4CCAA 

7-13-76 

648. 

5.0 

.4 

3.16 

1246. 

3.3 

1706. 

7.80 

USGS 

BASAL  TONGUE  R. 

IN  47F 

204400 

7-  7-76 

1777. 

6.2 

.2 

<   .02 

2945. 

4.6 

3612. 

7,64 

USGS 

PASAL  TONGUE  R. 

IN  47E 

23DR0D 

7-  8-76 

1691. 

10.8 

.3 

<   .02 

3136. 

15.7 

4274. 

7.76 

USGS 

BASAL  TONGUE  R. 

IN  47E 

27C4CD 

7-  8-76 

1007. 

7.3 

.2 

.03 

1954, 

18.9 

2903. 

7.89 

USGS 

BASAL  TONGUE  R. 

IN  47E 

354BCC 

7-  7-76 

721. 

10.3 

.2 

.22 

1451, 

2.4 

2019, 

7.61 

USGS 

KNORLOCH 

IN  4BF 

224CHB 

6-29-76 

1199. 

13.2 

.7 

.86 

2227. 

57.2 

3226. 

8.37 

USGS 

BASAL  TONGUE  R. 

IN  4BE 

28C0A0 

6-29-76 

1830. 

11.0 

.4 

.24 

3057. 

21.5 

4347. 

7.72 

USGS 

BASAL  TONGUE  R. 

IN  415E 

188044 

6-18-76 

684. 

21.9 

2.7 

.70 

18S0. 

56.6 

2780, 

8.36 

USGS 

LE90 

IN  4qE 

254ACB 

7-  1-76 

162. 

7.1 

.1 

1.92 

577. 

.3 

981. 

7.85 

USGS 

UNKNOiiN 

IN  49E 

26CBP0 

7-  2-76 

103, 

2.7 

.3 

<   .02 

551. 

.4 

911. 

7.72 

USGS 

BASAL  TONGUE  R. 

IN  4qE 

300flRC 

6-30-76 

1408. 

8.4 

.3 

.11 

2331. 

4.7 

2935. 

7.70 

USGS 

ALLUVIUM  Sl  CR 

IN  49E 

36404D 

7-  1-76 

1019. 

5.3 

.1 

.06 

1923. 

.T 

2364. 

7.36 

USGS 

BASAL  TONGUE  «. 

IN  «iOE 

328444 

8-  4-76 

902. 

7.0 

<   .1 

.13 

1642. 

2.0 

2106. 

7.14 

USGS 

LERO 

IN  52E 

26CnAA 

8-2*-76 

110. 

5.5 

.* 

<   .02 

526. 

1.2 

843. 

7.29 

USGS 

BASAL  TONGUE  R. 

IS  37E 

IBAAD 

9-11-73 

1476. 

15.5 

.2 

.41 

2633. 

13,5 

3287. 

8. 20 

)4FIMG 

SUB-ROBINSON 

IS  37E 

344B0 

7-  5-73 

519. 

5.6 

.3 

<   .02 

1125. 

2.0 

ISIO. 

8,06 

MPMG 

UNKNOWN 

IS  37E 

6CCRB 

7-  3-73 

262. 

8.3 

<   .1 

.45 

757. 

T.O 

1153. 

8,78 

MRMG 

SU8-R0PINSON 

IS  37E 

13RCDB 

9-10-73 

1100. 

5.9 

<   .1 

.S6 

1630. 

2.1 

2091. 

8.23 

MRMG 

UNKNOWN 

IS  3flE 

3CACC 

6-27-73 

84. 

2.4  _ 

•  Z 

.93 

331 . 

ji_ 

578, 

«t35 

MBMG 

ROSEBUD-MCKAY  08 
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L 


STATIC 

LANn 

WELL 

WATER 

SUSFACE 

DEPTH 

LEVEL 

ALTITUDE 

DATE 

TEMPER. 

CALCIUM 

M*GNESIUS« 

sonruM 

POTASSIUM 

IRON 

HfiNGANCSE 

SILICA 

BICARBONATE 

CARBONATE 

LOC«T!ON 

(MEIEOS) 

(METE05) 

(METERS) 

SAMPLED 

STURE (C) 

(CAI 

(15) 

(NA) 

(1^) 

(FE) 

(HN! 

«SI02I 

(HC03) 

(C03> 

IS  IIF 

3C4CC 

54.9 

24.4 

1113. 

8-10-72 

11.8 

53. 

54. 

22. 

2.7 

<     O01 

.02 

23.5 

358. 

Q. 

IS  3HF 

9ACRR 

36.6 

4.7 

1072. 

7-18-72 

9.2 

70. 

97. 

45. 

2.* 

2.10 

.08 

27.8 

SIO. 

0, 

IS  1HF 

^Hsno 

24.4 

1069. 

1-  6-75 

9.0 

71. 

96. 

62. 

♦  .? 

.04 

<   .01 

14.2 

356. 

0. 

IS  3BF 

9BanD 

24.4 

1069. 

7-1R-72 

10. 0 

82. 

96. 

62. 

*.3 

1.20 

.09 

32.1 

433. 

0. 

IS  3nE 

<jfinn« 

25.6 

1.8 

1069. 

8-  1-72 

10.0 

104. 

140. 

143. 

7.* 

<   .01 

.01 

23.5 

256. 

0. 

IS  3<1F 

9CaAA 

29,9 

5.3 

1075. 

8-  1-72 

11.0 

90. 

65. 

182. 

4.3 

<   .01 

.02 

34.2 

517. 

0.- 

IS  3nF 

12HflnR 

79,2 

46.7 

1113. 

9-13-73 

12.0 

87. 

321. 

238. 

T.9 

<   .01 

.21 

12.1 

415. 

0. 

IS  1«F 

I 3CRDA 

34.7 

1165. 

9-13-73 

11.1 

152. 

310. 

15*. 

11.2 

.02 

.02 

16.6 

112. 

a. 

IS  40F 

7D4DA 

128.0 

67.1 

1091. 

9-12-73 

13.0 

92. 

122. 

435. 

T.6 

<   .01 

<   .01 

12.1 

235. 

0. 

IS  *1F 

2AARR 

24.7 

11.4 

960. 

9-  7-73 

143. 

195. 

159. 

10. 1 

<   .01 

.10 

16.6 

424. 

B. 

IS  41E 

5Cn«A 

45.7 

12.9 

981. 

3-24-76 

10.0 

101. 

72. 

538. 

6.8 

3.62 

.05 

8.8 

478. 

«• 

IS  41F 

1 TDASn 

13.7 

7.3 

966. 

1?-  1-72 

10.5 

120. 

161. 

295. 

♦  .8 

.08 

.01 

40.6 

404. 

0. 

IS  41E 

23BACB 

75.6 

6.4 

936. 

2-27-76 

12.5 

6. 

2. 

410. 

2.1 

<   .01 

.01 

7.1 

396. 

0. 

IS  4IF 

?3FinRfl 

75.6 

6.4 

937. 

2-27-76 

12.0 

8. 

3. 

*10. 

2.3 

.12 

.01 

6.9 

393. 

0. 

IS  4IF 

32CARA 

18.3 

963. 

10-27-72 

12.0 

191. 

284. 

290. 

9.1 

1.10 

.14 

38.5 

329. 

0. 

IS  4IE 

330RCfi 

36.6 

5.0 

953. 

10-27-72 

7. 

2. 

410. 

2.1 

<   .01 

.02 

21.4 

400. 

0. 

IS  4PF 

5AnRR 

41.1 

18.3 

936. 

2-27-76 

62. 

104. 

840. 

6,2 

.03 

.02 

6.9 

720. 

0. 

IS  42E 

IPCRDC 

9.1 

.3 

930. 

10-  1-73 

9.5 

76. 

141. 

220. 

9.0 

<   .01 

.02 

25.2 

340. 

0. 

IS  4  3F 

1 iRonc 

6.4 

947. 

10-  1-73 

10.5 

67. 

101. 

85. 

8.2 

<   .01 

.01 

29.3 

288. 

0. 

IS  4  3E 

IICACB 

??.9 

7,4 

946. 

11-29-72 

9.5 

132. 

119. 

140. 

5.0 

.0* 

.05 

47.1 

470. 

D. 

IS  44F 

8DCA0 

18. n 

10.3 

888. 

9-28-72 

11.0 

127. 

135. 

200. 

15.0 

1.15 

.13 

42.8 

376. 

0, 

IS  4SF 

IC4PR 

61.6 

957. 

9-29-72 

13.0 

107. 

93. 

427. 

6.9 

.08 

.10 

23.5 

644. 

0. 

IS  4SF 

lORADC 

902. 

10-30-74 

9.5 

77. 

154. 

421. 

15.3 

<   .01 

<   .01 

29.0 

351. 

14. 

IS  46F 

2PHAA 

45.7 

960. 

10-  9-74 

14.0 

110. 

95. 

269. 

13.8 

<   .01 

.06 

12.3 

535. 

0. 

IS  4ISE 

29HRC 

33.5 

1  7.  I 

970. 

10-31-74 

10.0 

146. 

130. 

70. 

7.* 

.02 

.13 

IS.O 

629. 

0. 

IS  4(SF 

304nfA  1 

56.4 

963. 

10-29-74 

13.0 

4. 

2. 

299. 

1.8 

<   .01 

<   .01 

7.1 

649. 

4B. 

IS  46E 

30ADCA  2 

963. 

10-29-74 

10.5 

121. 

24  3. 

217. 

13.2 

.02 

<   .01 

14.9 

303. 

0. 

IS  4f,F 

33DADB 

33.5 

22.9 

998. 

10-29-74 

10.0 

35. 

153. 

327. 

16.* 

<   .01 

»   .01 

22.4 

415. 

9. 

IS  4ftE 

34CRA 

39.6 

994. 

10-  9-74 

12.5 

169. 

125. 

*00. 

9.5 

.02 

.08 

9.4 

678. 

0. 

IS  46F 

36CDCn 

7n.i 

43.6 

1052. 

6-22-76 

13.5 

94. 

112. 

385. 

M.O 

.30 

.    .07 

11.3 

736. 

0. 

IS  4TF 

1 inonn 

48.8 

32.9 

1020. 

7-  1-76 

12.0 

85. 

102. 

353. 

9.7 

Z.Z7 

.21 

7.3 

442. 

<r. 

IS  47E 

?o»cn« 

34.2 

1118. 

6-24-76 

13.0 

109. 

103. 

760. 

9.9 

1.7* 

.04 

10.5 

754. 

0. 

IS  47E 

26CRRR 

176. S 

85.3 

1021. 

6-29-76 

14.5 

2. 

0. 

275. 

1.2 

.31 

«   .01 

8.7 

6*2. 

U. 

IS  47E 

270RRD 

18. 3 

7.5 

1030. 

4-  7-76 

10. 0 

87. 

95. 

302. 

11.0 

.17 

.02 

15.3 

702. 

0. 

IS  47E 

2fiACC0 

72.2 

56.1 

1066. 

6-29-76 

U.O 

66. 

43. 

862. 

8.1 

3.68 

.22 

7.8  ■ 

945. 

0. 

IS  47F 

34AACD 

30.5 

15.2 

1049. 

6-29-76 

11.0 

75. 

73. 

105. 

6.6 

.02 

.01 

14.5 

502. 

0. 

IS  4HE 

17PRPC 

243.8 

57.9 

981. 

6-30-76 

15.5 

2. 

0. 

312. 

I.* 

.06 

<   .01 

7.1 

489. 

15. 

IS  4flE 

1700DD 

37,5 

19.3 

971. 

6-30-76 

12.0 

163. 

277. 

69*. 

12.1 

.98 

.37 

9.3 

559. 

0. 

IS  4RF 

20DCAC 

34,4 

21.8 

998. 

7-  1-75 

11.5 

190. 

130. 

408. 

7.3 

1.55 

.69 

10.8 

527. 

0. 

IS  48F 

24CACD 

79.2 

27.4 

963. 

7-  7-76 

13.0 

2. 

1. 

25T. 

1.1 

.11 

.01 

7.6 

468. 

A. 

IS  4qE 

9CRAn 

61  .0 

24.4 

948. 

7-  8-76 

13.0 

3. 

I. 

386. 

1.* 

.0* 

<   .01 

7.7 

792. 

28. 

IS  49F 

14ADCC 

121.9 

61.1 

1000. 

7-12-76 

13.5 

60. 

24. 

625. 

*.l 

1.92 

.08 

10. S 

386. 

0. 

IS  4qF 

IflRDRA 

82.3 

54.9 

935. 

7-  1-76 

18.0 

4. 

1. 

374. 

1.* 

.22 

.01 

7.1 

894. 

0. 

IS  49E 

23CACD 

38.4 

37.0 

1012. 

7-  8-T6 

12.0 

332. 

220. 

89. 

6.6 

l.il 

.42 

13.5 

547. 

0. 

IS  4qE 

3IBDCC 

15.2 

7.3 

957. 

7-  7-76 

9.0 

190. 

220. 

544. 

18.1 

1.67 

1.71 

27.2 

624. 

0. 

IS  50E 

22RODD 

345.9 

27.2 

966. 

7-  7-75 

14.0 

475. 

315. 

570. 

6.9 

.11 

.04 

10.9 

453. 

0. 

IS  50F 

33CDCC 

94.2 

30.5 

I0I7. 

7-  7-76 

14.0 

328. 

200. 

222. 

8,1 

It. TO 

.09 

14.2 

551. 

0. 

IS  50E 

36eDCD 

61.0 

21.4 

974. 

7-  8-75 

U.O 

8. 

3. 

496. 

2.1 

.09 

.01 

6.3 

498. 

0. 

15  52E 

UOB 

11.9 

5.9 

823. 

7-27-76 

10.5 

125. 

91. 

548. 

5.4 

1.S6 

.94 

9.8 

846. 

0. 

25  4  IF 

2D4BC 

45.7 

4Z.0 

10*5. 

11-30-72 

11.5 

259. 

313. 

71*. 

28.6 

.04 

.28 

34.2 

648. 

0. 

•NOTE« 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/LI  EXCEPT  AS  NOTED. 
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DATE 

SULFATE 

CHLORIDE 

FLUORIDE 

NITRATE 

LOCAT  lO'J 

SAMPLED 

<sn4 1 

ICLI 

(F) 

(N03  as  N) 

!<; 

^ir 

3riFr 

f5-10-72 

145. 

1  .9 

.1 

.25 

1=- 

3'^F 

9Ar.pn 

7-1B-72 

238. 

4,  7 

.1 

<   .02 

1"^ 

TflF 

"VHAOn 

1-  6-75 

385. 

5.5 

<   .1 

.05 

IS 

TJlk 

q«6n[i 

7-lfl-72 

364. 

7.5 

<   .1 

<   .02 

is 

-(qp 

qnnna 

R-  1-72 

901  . 

5.8 

<   .1 

.65 

IS 

31F 

gc  OA  fl 

«-  1-72 

441. 

4.1 

.1 

.36 

IS 

TflF 

l?Hpri« 

q-13-73 

1530. 

.1 

<   .1 

.25 

IS 

TAT 

13CflnA 

q-!3-73 

1872. 

5.4 

<   .1 

1.02 

IS 

4nr 

7  n  A  0  A 

q-12-73 

1442. 

5.5 

<   .1 

.75 

IS 

4ir 

?AA«H 

9-  7-73 

H  1  2  . 

9.9 

.1 

.36 

IS 

4if; 

srnAA 

3-24-7f, 

1280. 

1  3.2 

.s 

.05 

IS 

4ir 

1 7nAAn 

12-  1-72 

1214, 

10.0 

.1 

,I9« 

IS 

4ir 

aiHAFH 

P-27-76 

S71. 

9.0 

.5 

.55 

IS 

-^IF 

PU'DRR 

2-27-76 

558. 

9.2 

.5 

.52 

IS 

'•IF 

3?C AHA 

ln-27-72 

1930. 

•   9,5 

.2 

<   .02 

IS 

'IF 

3  3'!Rrrt 

ln-27-72 

549. 

8.  n 

.9 

.18 

IS 

'.?'^ 

SADRM 

2-27-75 

1591. 

13.6 

.7 

1.88 

IS 

4?f 

IPCROr 

in-  1-73 

952. 

4.4 

.1 

.06 

IS 

4  IF 

1 1 "nnr 

10-  1-73 

514. 

f  .4 

.2 

<   .02 

IS 

4  IF 

1 ICACH 

11-29-72 

706. 

7.1 

.3 

.63 

IS 

4<.F 

HDCAn 

9-2B-72 

971. 

6.5 

.6 

.02 

IS 

4SF 

ICAPP 

9-29-72 

1009. 

3.5 

.* 

.OT 

IS 

4Sr 

lOHAOC 

10-30-74 

1416. 

5.5 

.4 

.09 

IS 

(.(^t 

?HRAA 

10-  9-74 

724. 

4,2 

.5 

.IB 

IS 

4f,F 

?qpor 

10-31-74 

505, 

4.3 

.4 

.ts 

IS 

iif,r 

3  0  0  n  r  A 

10-29-74 

25. 

15.2 

3.5 

.43 

IS 

4f,F 

30AnrA  2  io-29-74 

14*4. 

8.7 

<   .1 

5.56 

IS 

4i,r 

3 30  Ann 

1(1-29-74 

1056. 

5.6 

,4 

1.85 

IS 

4(iF 

34CRA 

10-  9-74 

1208. 

f-.4 

.3 

.59 

IS 

4f,f 

36CDCn 

6-22-76 

931. 

5.0 

.7 

.0* 

IS 

4  7F 

1  innnn 

7-  1-75 

1010, 

5,3 

<   .1 

.05 

IS 

47F 

POACHA 

6-24-75 

1701. 

...5 

.2 

.0* 

IS 

47F 

piSCPPP 

6-29-76 

3. 

35.1 

3.7 

.03 

IS 

47F 

270ROD 

4-  7-76 

587. 

7.2 

.6 

,*l 

IS 

47F 

2flACCn 

5-29-76 

1378, 

4.8 

.9 

.05 

IS 

47F 

34AACD 

6-29-75 

280, 

<  .9 

.6 

.*Z 

IS 

4flF 

17RRPC 

6-30-75 

235, 

12.5 

1.0 

,*5 

IS 

4nF 

1 7nrinn 

6-30-75 

2510. 

17.1 

.3 

.10 

IS 

4RF 

20ncAC 

7-  1-75 

1297, 

7.3 

<   .1 

.81 

IS 

48^ 

?4C ACD 

7-  7-76 

154, 

8.4 

1.3 

.07 

IS 

4qF 

qcRAn 

7-  8-75 

112. 

26.4 

4.9 

.04 

IS 

4QF 

liAPf c 

7-12-76 

1269. 

5.5 

.3 

<   .02 

IS 

4tJF 

IPRDRA 

7-  1-75 

6. 

51.0 

4.2 

.13 

IS 

4qF 

?3CACn 

7-  fl-76 

1462. 

4.0 

.2 

.06 

IS 

4qF 

31HDCC 

7-  7-76 

1988. 

11.3 

.4 

<   .02 

IS 

SOF 

??RnnD 

7-  7-76 

3185. 

2:;, 6 

.1 

5.20 

IS 

SPF 

33CDCC 

7-  7-76 

1624. 

5.4 

.1 

<   .02 

IS 

SOf 

36PDCD 

7-  8-75 

677. 

3.8 

.a 

.17 

IS 

S2f. 

UOB 

7-27-76 

11**. 

5.7 

.1 

.31 

?s 

41F 

2DAHC 

11-30-72 

28*0. 

20.3 

.4 

.05 

DISSOLVED    SODIUM      SPECIFIC 

SOLIDS    AOSORPTION  CONDUCTANCE 

CALC.  AS    «»TIO  IMICROMHOS 
RESIDUE)   <S.A.R.)     AT  25  C) 


48<>. 
738. 

81*. 

B62. 
1*52. 
1075. 
2501. 
2577, 
2232. 
185*. 
2259. 
2045. 
1203. 
1202. 
2915. 
1197. 
3079. 
1595. 

"53. 
1388, 
1694. 
1987. 
2316. 
1542. 
1188. 

725, 
2216. 
1852. 
2262. 
1917. 
1793. 
3072. 

657. 
1552. 
2839. 

807. 

828. 
3959, 
2361, 

582. 

959. 
2191. 

887. 
2398. 
3309. 
*81*. 
2636. 
1**2. 
2348. 
4529. 

oNOTFo 

INDICATED  rnNCFNTRATlONS  ARE  IN.  MILL t GRAMS  PER  LITER  IMG/LI  EXCEPT  AS  NOTED. 


.5 
.8 
1.1 
1.1 
2.2 
3.6 
2.6 
1.6 
7.0 
2.0 

10.0 
4.1 

37.* 

31.5 
3.1 

36.6 

15.2 
3.5 
1.5 
2.1 
2.9 
7.3 
6.2 
4.5 
1.0 

33.1 
2.5 
5.2 
5.7 
6.4 
6.1 

12.5 

50.* 
5.3 

20.3 
2.1 

52.7 
7.7 


5 
36 
53 
17 
46 


6 

4 
7 
3 
9 
.9 
6.* 
5.0 
2.* 
38.5 
9.1 
7.1 


733. 
1060. 
1173. 
1230. 
1780. 
1370. 
2*60. 
2955. 
2906. 
23*8. 
2957. 
2*20. 
1820  = 
1820. 
3220. 
1870. 
*3*7. 
2010. 
1270. 
17*0. 
2050. 
2550, 
2915. 
2082. 
16*8. 
1185. 
2818. 
2*70. 
276*. 
251*. 
2501. 
*009. 
1095. 
2150. 
3867. 
12*6. 
1305. 
*5»3. 
2990. 
1111. 
1570, 
3122. 
1*72. 
2802. 
♦  105. 
5350. 
3137. 
2169. 
3213. 
*800. 


PH 

LABORA- 

COLLECTING 

CONTRIBUTING 

TORY) 

AGENCY 

AQUlfER 

8.00 

MP«G 

ROSeBUO-«CKAY 

OB 

8.27 

MPMG 

ROSEPUO-MCKAY 

C  = 

8.10 

MHMG 

R0SERU0-MCK4Y 

c. 

7.66 

HPMG 

ROSEBUD-MCKAY 

c. 

8.0* 

MPMG 

ROSEBUD-MCKAY 

c. 

8.12 

HRMG 

R0SE9U0-MCKAY 

c. 

7.69 

MPMG 

ROSERUD-MCKAY 

c. 

7.58 

MPMG 

UNKNOWN 

8.23 

USGS 

UNKNOWN 

8.01 

USGS 

SUB-MCKAY 

7.80 

USGS 

ROSEBUD  08 

T.93 

USGS 

SUB-MCKAY 

8.2* 

USGS 

SU8-MCKAY 

8.20 

USGS 

SUB-MCKAY 

7. 89 

USGS 

SUB-ROSEBUD 

7.83 

USGS 

SUB-MCKAY 

8.10 

USGS 

BASAL  TONGUE  R. 

8.13 

USGS 

ALLUV.  MILLER 

CR 

8.23 

USGS 

AL.  GREENLEAF 

CR 

7.98 

USGS 

ROSEBUD  COAL  ? 

7.86 

USGS 

SUB-ROSEBUD 

8.26 

USGS 

SUB-TERRET 

B.*B 

USGS 

UNKNOWN 

8.16 

USGS 

UNKNOWN 

7.82 

USGS 

SUB-KNOBLOCH 

8.98 

USGS 

UNKNOK^ 

8.22 

USGS 

UNKNOiiN 

B.** 

USGS 

KNORLOCH 

7.89 

USGS 

SUB-KNOHLOCH 

7.59 

USGS 

KNOBLOCH 

7.66 

USGS 

SUB-KNOBLOCH 

7.66 

USGS 

UNKNOWN 

8.53 

USGS 

TULLOCK 

7.67 

USGS 

KNOBLOCH  08, 

7.83 

USGS 

KNOBLOCH  COAL 

7.73 

USGS 

KNOBLOCH  OB 

8.70 

USGS 

HELL  CR. 

7.65 

USGS 

BASAL  TONGUE  R. 

7.57 

USGS 

BROADUS  COAL 

8.53 

USGS 

TULLOCK 

8.6* 

USGS 

TULLOCK 

7.51 

USGS 

UNKNOWN 

8.30 

USGS 

TULLOCK 

7.»0 

USGS 

8AS&L  TONGue  fi. 

7.62 

USGS 

SLL.  PUMPKIN  CR. 

7.70 

USGS 

UNKNOWN 

7.57 

USGS 

UNKNOWN 

8.30 

USGS 

LOUER  MEH  F.U 

7.51 

USGS 

LOWER  MEM  F.U 

7.65 

USGS 

SUB-SAWYER 

I 
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c 


LOCSTION 


STATIC     LAND 

HFLL      WATER  :UPFACE 

DEPTH     LEVEL  ALTITUDE    DATE 

(HETEPS)  (METERS)  (METERS)   SAMPLED 


2";  A5E 
?S  iifiE 
?S  46E 
?S  '.9E 
?5  StlF 
?S  SOE 
25  'iOE 
35  =iOE 
3S  44E 
3S  *4E 
IS  44E 
-IS  4SE 
3S  «5E 
3S  <.5E 
3S  4SE 
3S  45E 
3S  4SE 
3S  4SE 
3S  4SE 
3S  4SE 
3S  45F 
3S  ASF 
3S  4SF 
3S  4SE 
3S  4SF 
35  6SE 
3S  4SF 
3S  46E 
3S  46E 
3S  46F 
3S  4ftF 
3S  46E 
3S  46E 
3S  46F 
35  H(,F 
35  46F 
3S  .flE 
35  4BE 
3S  49E 
3S  4<JE 
35  4qF 
35  4qE 
35  AQE 
35  4qF 
35  4qF 
3S  4  9F 
35  50F 
35  '^OE 
35  SOE 
3S  "iOE 


5A4C 
34SCCB 
26A4CA 

4nDRB 

RADAn 
17PDRA 
34CCB0 
UBCAH 
130flRA 
33RnAA 

3BAnD 

SDRBr 

QDnAfl 
lOBAC 
13DCPC 

i5Dnns 

IQDOBO 

i9nDPn 

?aRRRA 

230anA 

24ACnA 
31DCPA 

3?nnAc 

33BCRR 

33CRnA 

SAABH 

TADBR 

14CnCD 

15CAAA 

16A0CC 

17[)RnC 

19ADR6 

19RRAC 

30RCCC 

SODHA 

?3AflBn 

3BADB 

IIRADC 

12CAAA 

130A0A 

19RACA 

230A0C 

30CCOC 

350CA0 

3B6R0 

8BBBA 

12AA 

15RCBB 


70.  1 
39.6 
36.6 

61  .0 


46, 

33. 
lOS, 
2R3. 

91. 

85. 


?95.7 


5? 
BS 
H5 
flS 
76 
24 
4S 
44 
51.2 
113.4 
274.3 
132.6 
97.5 
40. -5 
16.fi 
39.6 
46.3 
25.9 
6?. 5 
24.4 
51. R 
53.3 
33.  S 
50.3 
15.5 
30.5 
44.5 


32,0 
34.4 
50.3 
36.6 

310.0 
30.5 

263.7 
22.9 


19. T 

?4.4 
12.2 
27.0 
32.0 
27.6 
11.3 
4.6 
-.1 
-1.4 
36.6 

9.1 

3B.0 

36.3 

40.2 

-.0 

-.0 

27.7 

15.2 

18.3 

24.4 

43.0 

-.0 

-.0 

-.0 

60.4 

-.0 

2 

5 

2 

P 

7 

4 


5 
33 
15 
16 
11 

fl 
28.7 

7.0 

7.5 
43.9 

2.0 

9 
34 
24 
U 
18 
10 


14. B 

5.2 

16.6 

1*.* 


1015. 
1005. 
1052. 
1067. 
1036. 
1024. 
1036. 
1000. 

902. 

901. 

907. 
1006. 

970. 

977. 

97f>. 

975. 

967. 

903, 

903. 

950. 

93B. 

945. 

953. 

954. 

917. 

914. 

920. 

961. 

995. 
1007. 
1002. 
1003. 

977. 

978. 

962. 

992. 
1049. 
1020. 
1082. 
1056. 
1035. 
1046. 
1030. 
1032. 
104R. 
1030. 

997. 
1017. 

975. 

999, 


4-  6-76 

10-24-74 

12-21-73 

6-29-76 

7-  8-76 

7-  7-76 

6-2B-76 

T-  8-76 

5-20-75 

12-19-73 

6-  5-75 
5-27-75 
5-28-75 
6-25-75 

10-  8-74 

1-14-74 

12-17-73 

8-13-75 

12-18-73 

1-12-74 

12-20-73 

12-21-73 

5-28-75 

8-13-75 

2-26-76 

12-18-73 

12-21-73 

10-23-74 

1-18-74 

1-17-74 

1-17-74 

2-26-76 

1-17-74 

8-12-75 

1-14-74 

5-2B-75 

4-21-76 

♦-21-76 

7-  1-76 
12-  3-75 

7-14-76 
7-14-76 
7-13-76 

n-12-75 
4-21-75 

11-12-75 
6-23-76 

12-  4-T5 
5-23-76 

12-  2-75 


EMPER- 

CALCIUM 

MASNESIUM 

SODIUM 

POTASSIUM 

I(?OM 

NANOANESC 

SILIC* 

BICARBONATE 

CARBONATE 

TURE(C) 

(CA) 

(MG) 

(NA) 

(K) 

(FE) 

tmt 

JSI02I 

IHC03) 

<C031 

12.5 

138. 

107. 

165. 

6.9 

i£.S0 

.2* 

16.0 

926. 

». 

U.O 

45. 

101. 

322. 

14.1 

< 

.01 

< 

.01 

12.* 

592. 

11. 

8.0 

29. 

7. 

945. 

6.5 

< 

.CI 

< 

.01 

10.3 

918. 

IB. 

10.0 

129. 

85. 

349. 

7.5 

8.15 

.10 

10.4 

671. 

0. 

14.0 

68. 

38. 

222. 

♦  .5 

3.  72 

•  07 

9.8 

501. 

0. 

12.5 

19. 

5. 

508. 

2.9 

.23 

.03 

5.9 

503. 

0. 

11.0 

159. 

89. 

101. 

6.9 

♦  .22 

.05 

*52. 

0. 

10.5 

104. 

69. 

93. 

6.9 

.06 

.09 

10.* 

402. 

9. 

12.0 

3. 

1. 

392. 

2.1 

.01 

K 

.01 

7,5 

9*7. 

0. 

13.5 

4. 

2. 

580. 

2.5 

< 

.01 

< 

.01 

8.6 

1122. 

53. 

12.5 

2. 

0. 

328. 

1.7 

< 

.01 

< 

.01 

7.7 

842. 

0, 

8.0 

104. 

114. 

900. 

11.5 

.01 

.0* 

9.0 

927. 

0. 

9.5 

63. 

68. 

221. 

8,5 

.01 

.07 

14.5 

587. 

0. 

11.5 

65. 

67. 

656. 

9.1 

< 

.01 

.02 

9,0 

703. 

0. 

13.5 

57. 

67. 

357. 

5,5 

€ 

.01 

,23 

6,9 

688. 

0. 

10.5 

*2. 

25, 

825. 

5.4 

.92 

< 

.01 

8.8 

105*,' 

0. 

10.0 

11. 

3. 

473. 

3,0 

< 

.01 

< 

.01 

7,T 

566. 

0, 

2. 

1. 

350. 

l.T 

.01 

.01 

7.6 

815. 

0. 

r.5 

3. 

1. 

345. 

1.5 

« 

.01 

< 

.01 

8.0 

762. 

29, 

14.0 

75. 

73. 

329. 

10.3 

< 

.01 

.03 

11.2 

608. 

11. 

8.5 

77. 

70. 

188. 

12.7 

< 

.01 

< 

.01 

27.2 

495. 

0. 

11.0 

3. 

1. 

295. 

1.2 

« 

.01 

< 

.01 

8.6 

752. 

7. 

9.0 

78. 

175. 

552. 

17,4 

.06 

.0* 

11,3 

701. 

Ok 

91. 

186. 

74*. 

3*. 5 

.01 

.06 

14.1 

5*6. 

0. 

1. 

2, 

3*8. 

1.7 

.0* 

< 

.01 

7.5 

835, 

0. 

12.5 

3. 

0. 

355. 

1.5 

« 

.01 

< 

.01 

8.0 

793. 

20. 

12.5 

3. 

1. 

360. 

1.6 

< 

.01 

< 

.01 

8.3 

815. 

35. 

15.0 

3. 

1. 

368. 

2.1 

.12 

« 

.01 

9.4 

834. 

82. 

8.0 

18. 

16. 

1025. 

9.4 

< 

.01 

« 

.01 

3.0 

lOOfl, 

36. 

8.0 

63. 

122. 

2?R. 

10.4 

< 

.01 

« 

.01 

23.2 

556, 

0, 

9.0 

85. 

126. 

305. 

10.0 

< 

.01 

.01 

24.1 

649. 

0. 

133. 

211. 

988. 

13.2 

1.92 

.18 

8.7 

778. 

0, 

7.5 

88. 

160. 

370. 

14.0 

« 

.01 

.03 

17.6 

762, 

0, 

93. 

133. 

447. 

fl.2 

.01 

.01 

8.3 

606. 

0, 

8.5 

141. 

336. 

T2fl. 

23.7 

« 

.01 

.*2 

26.3 

1004. 

0. 

12.5 

169. 

224. 

966. 

13.6 

.05 

.06 

10.1 

967. 

0. 

11.0 

8. 

4, 

540. 

2.9 

.23 

« 

.01 

.7.1 

1730. 

0. 

10.0 

219. 

140. 

585, 

12.5 

5.30 

.06 

12.5 

787. 

0. 

9.5 

210. 

166. 

970. 

10.5 

IB. 10 

.53 

8.1 

1016. 

0. 

8.5 

128. 

70. 

210. 

9.4 

.19 

.03 

17.6 

357. 

0, 

8.5 

145. 

87. 

192. 

5.2 

2.1* 

.05 

11. e 

476. 

0. 

10.0 

83. 

47. 

367, 

5.3 

1.60 

.11 

10.8 

553. 

0. 

12.0 

18. 

8. 

484. 

3.8 

.10 

.02 

10.0 

795. 

0. 

8.0 

64. 

47. 

15. 

3.2 

.01 

.01 

l*.l 

429. 

0. 

11.0 

185. 

109. 

1000. 

8.5 

1.29 

.40 

10.9 

947. 

0. 

10.5 

159. 

83. 

454. 

9.1 

.01 

.02 

10,2 

742. 

0. 

10.5 

1*7. 

73. 

180, 

6.5 

3.4S 

.29 

10. S 

391. 

0. 

8.5 

100, 

6T. 

59. 

*.8 

.60 

.02 

12.9 

512. 

0. 

13.0 

125. 

42. 

210. 

T.Z 

2.TS 

.06 

9.3 

♦  77. 

0. 

9.5 

83. 

63. 

51. 

5.6 

.08 

.07 

14.1 

405, 

0. 

CO 
I 


•NOTE" 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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OISSDLVEO 

SOOIIW 

SPECIFIC 

SOLIDS 

AOSOWTIOM 

COWOUCTANCE 

PH 

OATE 

SULFATE 

CHLOPIOE 

FLUORIDE 

NITRATE 

CALC.  AS 

RATIO 

(MICBOMHOS 

LABORA- 

COLLECTING 

CONTRIBUTING 

LOCATION 

SAMPLED 

(504) 

<CL) 

IF) 

(N03  AS  Ml 

RESIOUEI 

(S.t.R.) 

AT  25  C) 

TORY) 

AGENCY 

AQUIFER 

?S  45E 

1 7CRR0 

4-  6-76 

384. 

1.5 

.1 

.05 

1289. 

2.6 

1822. 

7.51 

USGS 

KNOBLOCH  COAL 

?s  *isf: 

5*»C 

10-?*-74 

714. 

5.3 

1.0 

.02 

1517. 

6,1 

2116. 

B.40 

uses 

SAWYER  COAL 

?S  46F 

SABCC^ 

la-21-73 

13T0. 

4,8 

.3 

1.97 

284*. 

Al.l 

395*. 

8.38 

USGS 

KMO8L0CH  OVERBUR 

?S  49F: 

?haaCA 

6-29-76 

856. 

4.5 

<   .1 

.03 

1779. 

5.9 

2*20. 

7.53 

USGS 

ItNOSLOCH  COAL 

25  SOF 

4nr)FiB 

7-  fi-76 

394. 

4,2 

<   .1 

<   .02 

989. 

5.* 

1336. 

7.70 

USGS 

UNKNOWN 

?s  sor 

flanan 

7-  7-76 

744. 

4.8 

.2 

.22 

1538, 

26,9 

2262. 

7.94 

USGS 

KNOBLOCH  COAL 

ZS  50E 

17BnR4 

6-28-76 

617. 

4.0 

<   .1 

.32 

121*, 

1.6 

169*. 

7.*0 

USGS 

KNOBLOCH  COAL 

2"=;  =.0F 

34CCBD 

7-  P-76 

402. 

11.8 

.2 

.3* 

89*. 

1.7 

1287. 

7.70 

USGS 

BASAL  TONGUE  R. 

3S  44^ 

1 IBCiH 

5-20-75 

1. 

68.0 

*.l 

.11 

9*3. 

53.4 

1827.. 

7.99 

USGS 

TULLOCK 

3S  44E 

nOBRA 

12-19-73 

1. 

177.0 

5.0 

<   .02 

1385. 

60.* 

2251. 

8.79 

USGS 

DEEP  SANDSTONE 

IS  44E 

33BnAa 

6-  5-75 

0. 

34.0 

1.5 

.*0 

790, 

53,* 

1318. 

8,19 

USGS 

TULLOCK 

35  4SE 

3B&D0 

5-27-75 

1B53, 

17.2 

.9 

8.81 

3474, 

1*.S 

4600. 

7.61 

USGS 

KNOBLOCH  COAL 

3S  45E 

SORBC 

5-2S-75 

42*. 

8.2 

.5 

.38 

1097. 

*.6 

1629. 

7.69 

USGS 

UNKNOh'M 

3S  45E: 

900An 

6-25-75 

1226, 

10.6 

.8 

3.8* 

2393. 

13.6 

3280. 

7.49 

USGS 

HELL  CR. 

3S  45E 

10B4C 

10-  fl-7» 

500. 

5.4 

.9 

.23 

1*50. 

7.8 

2134. 

8.16 

USGS 

UNKNOt^N 

3";  45E 

130CPC 

1-14-74 

1079. 

15.0 

.7 

1.31 

2520, 

25.1 

3*60. 

8,26 

USGS 

KNORLOCM  COAL 

3S  4SF 

isonna 

12-17-73 

566. 

12.2 

1.0 

1.11 

1355. 

33.1 

2010. 

8.12 

USGS 

SUB-KN08L0CK 

35  4SF 

190DRD 

8-13-75 

4  , 

65.0 

3.1 

,11 

836. 

53.7 

1388. 

7.92 

USGS 

UNKNOWN 

3S  45E 

i9nopn 

12-1B-73 

1. 

65.0 

?.9 

.02 

831, 

♦  3.3 

1383. 

8.60 

USGS 

UNKNOWN 

35  45E 

??R6«A 

1-12-74 

660, 

4.8 

.6 

.58 

1*75, 

5.5 

20*7. 

8.37 

USGS 

SUB-'^NOBLOCH 

1 

3S  45F 

23RRRA 

12-20-73 

423. 

5.1 

,7 

16.26 

1063, 

3.7 

1552. 

7.84 

USGS 

SUO-x-NOHLOCH 

35  45E 

230»nA 

12-21-73 

1, 

32.0 

2.2 

.05 

727. 

38.7 

1160. 

8.41 

USGS 

SUB-l'NOeLOCH 

*-• 

35  45F 

24&C0A 

5-28-75 

1519, 

8.6 

,5 

1.13 

2709. 

7.9 

3444. 

7.84 

USGS 

KNOBLOCH  COAL   . 

4:w 

35  45F 

310CDA 

8-13-75 

2095. 

14.7 

1.* 

4.20 

3*55. 

10.3 

4401. 

7,46 

USGS 

5UB-KN0BL0CH 

1 

35  45F 

330nAC 

2-26-76 

1. 

69.1 

1.3 

.09 

8*1. 

53.0 

1390. 

8.15 

USGS 

TULLOCK 

35  ASF 

33BCRB 

12-18-73 

1. 

66.0 

3.3 

.09 

8*8. 

53.6 

1379. 

8.54 

USGS 

DEEP  SANOSTONE 

35  4SF 

33CBnA 

12-21-73 

5. 

34.5 

3.3 

.09 

853. 

*9.1 

1471. 

8.54 

USGS 

DEEP  SANDSTONE 

35  4f.E 

5AABB 

10-23-74 

0. 

7.9 

2.3 

.02 

886. 

52.5 

1433. 

9.11 

USGS 

TULLOCK 

35  46E 

7A0BB 

l-le-74 

14)4. 

8.2 

.5 

2.2* 

3028. 

»2.2 

4210. 

8.54 

USGS 

KMOBLOCH  COAL 

35  46F 

14CRrR 

1-17-74 

675. 

5.1 

.4 

1.13 

1*04. 

3.9 

1937. 

8.01 

USGS 

ALLUV.HOME  CREEK 

35  46F 

I5CA4A 

1-17-74 

816. 

6.8 

.5 

3.8* 

1695. 

*.9 

2259, 

8.25 

USGS 

SAWYER  COAL 

35  46E 

IftflOCC 

2-26-76 

2585. 

14.3 

.5 

.*2 

*3*0. 

12.* 

5263, 

7.5* 

USGS 

KNOBLOCH  COAL 

35  46E 

1  TORnr 

1-17-74 

1044. 

6.1 

.5 

.16 

2075. 

5,* 

2718. 

8.12 

USGS 

KNOBLOCH  COAL 

35  46F 

19A0RA 

8-12-75 

1218, 

6.7 

,6 

2.** 

2215. 

7.0 

2874. 

7.47 

USGS 

UNKNOWN 

35  46E 

19BRAC 

1-14-74 

2452. 

in. 6 

.6 

.27 

4212. 

7.6 

4944. 

8.11 

USGS 

IfNOBLOCH  COAL 

35  46F 

30RCCC 

5-2P-75 

2554. 

16.9 

.3 

*.97 

4434. 

11.5 

5082. 

7.58 

USGS 

KNOBLOCH  COAL 

35  *«E 

5noriA 

4-21-T6 

0.- 

13.0 

1.9 

.10 

1528. 

»6.0 

2394. 

8.13 

USGS 

SAWYFR  OB. 

35  4BF 

?3AABD 

4-21-76 

1668. 

8,2 

.1 

.03 

3038. 

7.6 

3895. 

7.67 

USGS 

KNOBLOCH  COAL 

35  49E 

3BAnB 

7-  1-76 

2448. 

9.4 

.2 

.10 

*3*1. 

12.1 

5345. 

.  7.60 

USGS 

SAWYER  COAL 

35  4<)F 

IIRAOC 

12-  3-75 

752. 

7.7 

.6 

1.57 

1373. 

3.7 

1782. 

7.87 

USGS 

Sug-SAWYER 

35  4QF 

12CAAA 

7-14-75 

712, 

3.6 

.2 

<   .02 

139*. 

3.1 

2089. 

7.5* 

USGS 

BROADUS  OB 

35  4qE 

130ADA 

r-14-76 

698. 

5.1 

.2 

.35 

1*90. 

8.0 

2149. 

7.*8 

USGS 

BROAOUS  OB 

35  4qE 

19BACA 

7-13-76 

425. 

1-3,9 

.4 

.04 

1354. 

2*,1 

1B88. 

8.03 

USGS 

UNKNOWN 

35  4qE 

P30A0C 

11-12-75 

38. 

3.9 

.5 

.72 

397. 

.3 

634. 

7.92 

USGS 

BROAOUS  COAL 

35  49F 

30CCDC 

4-21-76 

2188, 

17,8 

.* 

1.13 

39B8. 

!*.♦ 

5880. 

7.62 

USGS 

BROAOUS  COAL 

35  49F 

35DCA0 

11-12-75 

1109. 

7.2 

.1 

*,*3 

2210. 

7,4 

293*. 

7.82 

USGS 

BROADUS  OB. 

35  50F 

3BAB0 

5-23-76 

737. 

7,3 

.2 

.08 

1358. 

3.0 

1034. 

7.71 

USGS 

HELLCR. 

35  50F 

BBRBA 

12-  4-75 

252. 

3,2 

.2 

.09 

762. 

1.3 

1155. 

7. 68 

USGS 

BROAOUS  COAL 

35  50E 

12A4 

5-23-76 

55*. 

7,9 

<   .1 

.52 

119*. 

*.l 

1704. 

T.61 

USGS 

HELLCR. 

35  50E 

15PCBB 

12-  2-75 

233. 

7.6 

.4 

1,09 

658. 

1.0 

930. 

7.82 

USGS 

ALLUV.ASH  CREEK 

•NOTE" 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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LOCATION 


STATIC     !  AND 

WELL     WAIER  SURfACE 

DEPTH     LEVEL  ALIITUOE 

(METEHSI  (METERS)  (MCTEPS) 


3S  ?;oE 

3S  50E 
*S  44F 

♦  S  4SF 
*S  4SE 
*S  4SE 
4S  *5E 

♦  5  *5E 
*S  »SE 
*S  45F 
4S  45E 
45  45F 
4S  4SF 
45  4SE 

4<;  4SE 

4S  45e 

45  45E 

45  46E 

45  46f 

45  4hE 

45  46E 

45  47E 

45  4RE 

45  4eE 

45  4HF 

45  4qF 

45  49E 

45  4<)F 

45  49E 

45  4qF 

45  4qF 

45  49E 

45  4QF 


4^ 
45 


50E 
5?F 


55  4  IF 
55  42E 
55  4?F 
55  42F 
55  42E 
55  4?E 
55  45F 
55  45F 
55  45F 
55  45E 
55  '.5E 
55  45E 
5S  45E 
55  45E 
55  45E 


30PHno 

5AAAC 
aCDPH 
4DnCA 
4DRnB 
9CAAD 
9DDfi» 

isccno 

15DflfiD 
19DAnC 
20CCAD 
2?A0CC 
83CCCH 
27I)RC 
?70P0C 
SSAnriA 
BCHCC 
9BRCB 

3iccrc 

31DnBC 

lacARn 

IflBACO 
P4AHDB 
34DDnB 

n&A 
14B4PR 
14RCB0 
150000 
16CC 
aSACAC 
25nARB 
31CCCC 
lOACCH 
IBRCOC 
31CRAC 
16DDR 
IHOCD 
eOADOR 
P2DBPC 
34ABBA 
3ARC0 
3ACBB 
4BB00 
11R8AC 
nCDCD 
14AAAD 
15DAAA 
25BAB8 
PTSDOB 


45.7 
301.1 

1?.? 

24.4 

7ft.? 

15.2 
243. R 
243. R 
213.4 
137.2 

99.4 

56.4 
134.1 

13R.* 

109.7 
IB.O 
39.3 
33.5 
94.5 
73.2 
5.5 
44.2 
17.4 
53.3 
45.7 
IP. 3 
56.4 
37.2 
45.7 
11.6 
36,6 

106.4 
R5.3 
4R.R 

310.9 
24.4 
24.4 
24.4 
33.5 

253.0 

259.1 
27.4 

19R.I 
76.2 

307.2 

365.8 

378.9 

12.2 

76.8 


21.3 
6.0 

17.1 

-.0 

3.3 

-.0 

-.0 

-1.9 

-.0 

79.2 

39.6 

-.0 

-.0 

-.0 

6.7 

IB. 3 

18.3 

57.6 

3.0 

9.9 

3.3 

5.7 

3.3 

♦  .9 

9.2 

9.1 

26.4 

5.3 

19.4 

53.6 

76.9 

14.7 

3.0 

4.8 

9.7 

U.6 

9.6 

-7.0 

-.0 

4.7 


38.1 


1000. 
J015. 

905, 

936. 

919. 

919. 

928. 

924. 

930. 

936. 
1003. 

989. 

932. 

939. 

938. 

942. 

963. 

989. 
1003. 

969. 

979. 
1103. 
1073. 
1082. 
1133. 
1055. 
1019. 
1025. 
1030. 
1044. 
1030. 
1049. 
1132. 

976. 

920. 
1106. 
1024. 
1024. 
1024. 

978. 

975. 

94R. 

950. 

987. 

951. 

954. 

962. 

959. 

960. 

997. 


DATE 
SAMPLED 

6-24-76 
6-23-76 
6-  5-75 

11-23-76 
1-12-74 
1-12-74 
5-27-75 
5-29-75 

12-19-73 
5-29-75 
6-25-75 

12-19-73 
1-29-74 
1-14-74 

12-17-T3 

11-23-76 
5-26-75 
6-  5-75 

U-22-76 
1-16-74 
6-27-75 
6-24-75 
5-23-76 
6-24-76 
5-24-76 


1- 
1- 
I- 
1- 
1- 
1- 


5-75 

3-75 

4-75 

4-75 

6-75 

4-75 

1-12-75 

1-  4-75 

1-14-75 

7-29-75 

3-  3-74 

3-  2-74 

3-  1-74 

3-  2-74 

3-  1-74 

11-11-75 

11-24-75 

12-18-73 

1-13-74 

5-25-75 

5-25-75 

1-29-74 

12-18-73 

12-19-73 

6-26-75 


TCMPEB- 

CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

MANGANESE 

SILICA 

BtCAReONATE 

CARPONATE 

*TURE(C» 

(C*» 

(MG) 

(NA) 

(K) 

IFEl 

<MN) 

<SI021 

IHC03I 

<C03) 

13.0 

153. 

59, 

210. 

6.9 

i.20 

.08 

10.8 

373. 

0. 

n.o 

IB*. 

94  . 

452, 

8,5 

4.03 

,19 

6.0 

335, 

0, 

10.5 

56. 

6B. 

293. 

12, « 

.50 

.06 

11.6 

**9. 

0. 

9.0 

105. 

125. 

331. 

12. • 

.21 

.03 

21.1 

64*. 

0, 

13.0 

3. 

1, 

270. 

1.* 

«oz 

< 

.01 

7.7 

656. 

2. 

10.0 

90. 

135. 

357. 

23.* 

•  0^ 

.27 

29.5 

608. 

0. 

16.0 

3. 

1, 

58*. 

2.9     < 

«0] 

.01 

8.8 

1387, 

0. 

15. • 

4. 

1. 

650. 

3.1     • 

c   •01 

< 

.01 

8.S 

1*31. 

0. 

14.0 

3. 

I, 

395, 

1.8 

e    aOl 

< 

.01 

9.0 

966. 

n. 

U.S 

3. 

1. 

610, 

?.*     < 

•  01 

< 

.01 

9.3 

1372. 

0. 

13.0 

9. 

5. 

1028, 

5.7 

c   •Ol 

.01 

7.* 

2*98. 

0. 

10.0 

91. 

159, 

323. 

8.*     < 

•  01 

< 

.01 

12.7 

915. 

0. 

15.4 

3. 

1. 

3SI, 

1.8 

•  01 

< 

.01 

8.3 

881. 

0. 

14.5 

2. 

1. 

255, 

1.2 

.02 

< 

.01 

9.1 

6*9. 

0. 

11.0 

3. 

1, 

240. 

1.2     <   .01 

< 

.01 

8.3 

62*. 

0. 

9.5 

88. 

108. 

418. 

19.6 

2.85 

.26 

25.2 

671, 

6. 

12.0 

183. 

144. 

638. 

11,5 

.01 

.30 

12.8 

910. 

0. 

11.0 

85. 

165. 

902. 

12.0 

.16 

.03 

10.5 

718. 

0. 

12.0 

4. 

2. 

*2*. 

2.* 

.*8 

< 

.01 

7,0 

ii*r. 

0. 

8.0 

35. 

18. 

*59, 

5.2     <   .01 

< 

.01 

12,2 

*8a. 

0. 

8.0 

197. 

253. 

53*. 

20.8 

.01 

.17 

18.3 

900. 

0. 

10.5 

135. 

167. 

360. 

10.0 

.97 

.03 

9.0 

658, 

0. 

8.5 

1*3. 

1*4. 

180. 

10,0 

.05 

.16 

18.9 

581. 

0, 

10.0 

252. 

164, 

960. 

l*.0 

.05 

.2* 

8.7 

7*0. 

0. 

8.5 

1*9. 

14R, 

120. 

*.9 

.35 

.02 

8.2 

5*5. 

0, 

U.O 

IB. 

8. 

33. 

6.3 

.85 

.08 

10.9 

20. 

0, 

10.0 

129. 

75. 

272. 

S.9 

.01 

.12 

10.6 

♦  93. 

0. 

JO. 5 

198. 

94. 

262. 

9.3 

.02 

.78 

10.2 

♦  73. 

0, 

10.5 

23. 

10. 

58*. 

3.3 

.01 

.01 

6.7 

288. 

0, 

9.0 

132. 

118. 

5*8, 

8.T 

.66 

.21 

10,5 

932. 

0, 

10.5 

1*5. 

115. 

500. 

S.5 

.01 

.0* 

9,5 

**5. 

0. 

11.5 

76, 

31. 

4*2. 

♦  .* 

.01 

.08 

9,6 

*11. 

0, 

12.0 

311. 

296. 

5*8. 

13,7 

.0* 

.27 

10.1 

♦♦9. 

0.  . 

11.5 

95. 

♦  5. 

73. 

*.3 

.01 

.09 

10.* 

355. 

0. 

15.0 

1. 

0. 

197. 

.7 

.01 

< 

.01 

9.2 

316. 

25. 

5.7 

♦  8. 

92, 

118. 

6.8 

<   .01 

< 

.01 

13.9 

610. 

0. 

9.5 

61. 

57, 

128. 

8.7 

(   .01 

.0* 

2*. 8 

57*. 

0. 

10.0 

82. 

105, 

ITl. 

10.2 

(   .01 

< 

.01 

23.5 

603. 

0. 

7.0 

5. 

0, 

5*6. 

2.8 

<   .01 

< 

.01 

7.5 

831. 

*. 

16.5 

Z. 

0, 

2*3. 

1.4 

.05 

< 

.01 

9,7 

531. 

0. 

15.5 

2. 

0, 

250. 

1.3 

.0* 

.01 

10.1 

520. 

13. 

11.0 

3. 

2. 

388. 

2.7 

.07 

.01 

6.6 

*19. 

7. 

7.0 

7. 

3. 

383. 

3.0 

.09 

< 

.01 

8.0 

*20, 

0. 

13.0 

2. 

2. 

253. 

1.2 

(   .01 

< 

.01 

10. 1 

632. 

5. 

18.0 

3. 

0. 

686. 

3.* 

c   .01 

< 

.01 

9.0 

15*7, 

0. 

12.0 

10. 

3. 

518. 

3.2 

.05 

< 

.01 

8.2 

302, 

0. 

16.5 

6. 

1. 

T3B. 

3.* 

.03 

< 

.01 

9.6 

166*. 

22. 

13.5 

3. 

1, 

538. 

2.8 

<   .01 

< 

,01 

10.2 

13*7. 

53. 

10.5 

127. 

174, 

321. 

16.6 

<      .01 

.75 

19.3 

6*9. 

0. 

13.0 

2. 

1. 

388. 

2.2 

.01 

< 

.01 

T.T 

963. 

0, 

I 

I—' 
t— ' 


•NOTE* 
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DATE 

SULFATE 

CMLOfllOE 

FLUOPJOt 

NITHATE 

C*LC.  AS 

RATIO 

LOCATION 

SAMPLED 

(S04) 

(CD 

(F) 

(N03  45  N) 

PESinUE) 

(S.A. 

3S 

■^nE 

?4Dn 

6-24-rf. 

759. 

7.8 

.1 

.11 

1390. 

3.7 

TS 

5of: 

anBHno 

6-23-76 

1517. 

9.7 

<   .1 

1.65 

2442. 

6.8 

fcS 

44F 

saaac 

6-  S-75 

625. 

8.5 

1.0 

.45 

1297. 

6.2 

*<; 

45F 

pcnPH 

1 1-23-7^ 

928. 

9."^ 

.5 

.52 

1849. 

5.2 

4'; 

45F 

4r)F!r  A 

1-12-74 

4  . 

24.6 

2.0 

<   .02 

638. 

37.2 

<•«, 

45F 

innnn 

1-12-74 

1028. 

9.1 

.8 

■   .14 

1972. 

5.6 

4S 

4  5F 

9Cisn 

5-?7-75 

!. 

no.c 

5.5 

=  05 

1398. 

74.6 

4S 

4  5F 

qTRBn 

5-29-75 

3. 

163.0 

1.6 

.05 

1538, 

73.6 

*s 

45F 

Ibccno 

12-19-73 

6. 

65.0 

2.9 

<   .02 

959. 

45.5 

4S 

4SF 

1 50RPn 

5-29-75 

4  . 

1  4  9  .  G 

1.6 

.05 

1455. 

74.3 

«S 

45F: 

iqDAHC 

6-26-75 

200. 

10.8 

1.2 

1.42 

2498. 

54.1 

4t. 

45F 

P0CC4D 

12-19-73 

780. 

10.6 

.6 

.63 

1836. 

4.7 

4S 

45r 

2?aDCC 

1-29-74 

I. 

77.0 

2.9 

<   .02 

909. 

45.8 

4?. 

45E 

?3CCrH 

1-14-74 

1. 

23.0 

2.0 

.05 

613. 

35.3 

4S 

45F 

27I1RC 

12-17-73 

0. 

19.9 

1.8 

<   .02 

582. 

31.5 

IS 

45F 

?7!1onC 

11-23-75 

936. 

16.5 

.6 

1.27 

1945. 

7.1 

4S 

45F 

PninPA 

6-26-75 

1506. 

17.7 

.4 

4.52 

3066. 

8.6 

4=; 

45F 

PCMCC 

6-  6-75 

2)76. 

6.6 

1.3 

6.51 

3718. 

13.1 

4S 

4^F 

9HRCH 

1 1-22-76 

2. 

11.5 

1.8 

<   .02 

1015. 

46.8 

45 

4^r 

3)rcrc 

l-)6-74 

721. 

8.6 

.6 

1.63 

isn. 

16.2 

45 

4f,F 

3innnc 

6-27-75 

1847, 

18.7 

.6 

3.89 

3336. 

5.9 

45 

4  7F: 

1  PCAPri 

6-24-76 

1246. 

7.0 

.6 

.04 

2260. 

4.9 

4S 

4flF 

jAHACD 

6-23-76 

832. 

7.2 

.4 

.23 

1622. 

2.5 

45 

4Ht 

?4ACinH 

6-24-76 

2737. 

13.r, 

.2 

.81 

4514. 

11.6 

4  5 

4BF 

i4nnaB 

6-24-76 

784. 

5.1 

.4 

.12 

1488. 

1.7 

45 

4  9F 

HA4 

11-  6-75 

131. 

2.2 

.1 

.02 

220. 

1.6 

45 

4qF 

14rtsPH 

11-  3-75 

794. 

5.4 

.2 

,5* 

1539. 

4.7 

4S 

4qF 

14HCFID 

U-  4-75 

1039. 

4.1 

.3 

.3R 

1851. 

3.8 

45 

iQF 

I5r»nnn 

11-  4-75 

1072. 

12.0 

.2 

2.19 

185*. 

25.9 

45 

4qF 

16CC 

11-  6-75 

1201. 

16.1 

.1 

.79 

2494. 

8.4 

45 

4qF 

23ACAC 

U-  4-75 

1719. 

13.1 

.1 

3.03 

2832. 

9.0 

45 

4QF 

asnABfl 

n-i?-75 

931. 

7.0 

.2 

2.31 

1705. 

10.8 

45 

4qr 

31CCCC 

11-  4-75 

2719. 

11.4 

.2 

1.36 

4132. 

5.3 

45 

5nF 

lOACCB 

11-14-75 

277, 

5.3 

.2 

.48 

596. 

1.5 

45 

5?F 

in^^cnc 

7-29-76 

1  15. 

7.1 

.3 

<   .02 

510. 

43.0 

55 

41F 

31CR4C 

3-  3-74 

258. 

3.4 

.6 

.34 

841. 

2.3 

5S 

42E 

1600R 

3-  2-74 

237. 

3.7 

1.2 

ai 

813. 

2.7 

55 

4?F 

iHocn 

3-  1-74 

530, 

3.5 

.8 

.aa 

1224. 

2.9 

55 

42F 

znaonp 

3-  2-74 

493. 

6.7 

6.7 

.27 

14B1. 

66.5 

55 

4?F 

paooRc 

3-  1-74 

71. 

9.0 

2.3 

.05 

600. 

43.5 

55 

APE 

34aFjnA 

11-11-76 

79. 

4,5 

2.5 

.02 

619. 

43.0 

55 

45F 

3'1'^CI) 

11-24-76 

474, 

18,0 

.9 

<   .02 

1108. 

43.9 

55 

<.5F 

3ACRR 

lP-lB-73 

480. 

14.5 

1.0 

1.20 

1108. 

29.4 

5S 

4SF 

4BanD 

1-13-74 

2. 

22.4 

1.5 

.09 

610. 

31.6 

55 

4SF 

IIHRAC 

6-26-75 

0. 

169,0 

6.1 

.20 

1638. 

108.5 

55 

45F 

iicoro 

6-25-75 

850. 

21,0 

.7 

2.53 

1555. 

37.5 

55 

45F 

144440 

1-29-74 

0. 

158,0 

5.6 

<   .02 

1761. 

78.5 

55 

4SF 

15D444 

i2-l«-73 

3. 

145,0 

7.0 

<   .02 

1525. 

79.4 

55 

45F 

P6R4BB 

12-19-73 

1182. 

12.7 

.6 

.59 

2174. 

4.3 

55 

45F 

27flDnB 

6-25-75 

1. 

34.0 

3.0 

.18 

913. 

55.4 

DISSOLVED    SODIUM      SPECIFIC 
SOLIOS    *0S09PTI0N   CONOUCT»NCE 
(MICPOHHOS 
«•>      «T  25  CI 


1906. 
3139. 
1892. 
2500. 
1050. 
2588. 
2222« 
2404. 
1572. 
2340. 
3681. 
25*4. 
1520. 
1009. 

988. 
27*3. 
3911. 
4320. 
1596. 
2268. 
3976. 
2910. 
2169. 
5382. 
1958. 

331. 
2072. 
2302, 
2592. 
3290. 
3597. 
2392. 
4406. 

9*7. 

S*9. 
1283. 
1229. 
J706. 
2200. 

992. 
1020. 
171*. 
1744. 
1011. 
2637. 
2274. 
2831. 
2500. 
2752. 
1482. 


PH 

LABORA- 

COLLECTING 

CONTRiaOTfNG 

TORY) 

AGENCY 

AQUIFER 

7. 43 

USGS 

BASAL  TONGUE  R. 

7.58 

OSGS 

HELL  CR 

7.49 

USGS 

ALLOV.  TONGUE  R. 

7.67 

USGS 

KN08L0CH  C.  UB 

8.32 

USGS 

DEEP  SANDSTONE 

8.22 

USGS 

ALLOV. OTTER  CH. 

8.18 

USGS 

TULLOCK 

8.06 

USGS 

TULLOCK 

8.09 

USGS 

DEEP  SANDSTONE 

8.06 

USGS 

TULLOCK 

8.02 

USGS 

KNORLOCH  C.  08 

7.86 

OSGS 

SOB-KNOBLOCK 

8.25 

USGS 

DEEP  SANDSTONE 

8.29 

OSGS 

DEEP  SANDSTONE 

8.08 

OSGS 

DEEP  SANDSTONE 

7.61 

OSGS 

ALLOV.  OTTER  CR 

6.98 

OSGS 

KNORLOCH  C.  08 

7.71 

USGS 

KNO8L0CH  08. 

8.12 

USGS 

KN08L0CH  COAL 

7.92 

USGS 

SUS-KNOeLOCK 

7.*8 

USGS 

ALLUV.TENHILE  CR 

7.68 

OSGS 

PAWNEE  COAL'OB 

7.83 

USGS 

ALLUV. PUMPKIN  CR 

7.68 

USGS 

KNOSLOCH  OB 

7.26 

USGS 

PAWNEE  OB(»C)? 

5.2* 

USGS 

ALLUV. WISER  CR. 

7.80 

USGS 

BROAOUS  COAL 

7.70 

OSGS 

LOCAL  COAL 

7.96 

OSGS 

LOCAL  COAL 

7.30 

USGS 

AL.TWO  TREE  CH. 

7.61 

USGS 

BROADUS  OB. 

7.77 

OSiS 

LERO 

7.53 

USGS 

SAWYFR  COAL 

7.65 

USGS 

SUB-BROAOUS 

9.07 

USGS 

FOX  HILLS 

7.77 

USGS 

WALL  COAL 

7.55 

OSGS 

BREWSTER-ARN.C. 

7.80 

USGS 

BREWSTER-ARN.C. 

8.33 

OSGS 

BREWSTER-ARN.C. 

8.28 

OSGS 

DEEP  SANDSTONE 

8.53 

OSGS 

DEEP  SANDSTONE 

8.*5 

OSGS 

L.  KNOBLOCM 

8.25 

OSGS 

DEEP  SANDSTONE 

8.30 

USGS 

SOB-KNOBLOCK 

7.96 

USGS 

TULLOCK 

7.36 

USGS 

ALLUV. OTTER  CR 

8.39 

USGS 

DEEP  SANDSTONE 

8.3* 

OSGS 

DEEP  SANDSTONE 

7.70 

OSGS 

ALLUV. OTTER  CR. 

7.82 

OSGS 

KNOBLOCH  C*UB 

I 
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ST*riC     L»ND 
WfLL     W«TtB     'UBFACE 


DEPTH 

LEVEL 

ALTITUDE 

DATE 

TEMPER- 

CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IRON 

HANOANESE 

SILICA 

BICARBONATE 

CARBONATE 

LOrST ION 

(MfTEPS) 

(METERS) 

(METERS) 

SAMPLED 

ATURE  (C) 

(CA) 

(MG) 

(NA) 

(K) 

(FE) 

(MN) 

(SI02) 

(HC03> 

(C03) 

SS  4SF 

2HflRRA 

76.? 

*9.7 

1013. 

6-25-75 

12.0 

*. 

2. 

*60. 

*.o 

.0* 

< 

.01 

3.0 

281. 

♦  *2. 

55  45F 

35F(*KS 

6».<> 

9.1 

971. 

5-22-75 

11.5 

3. 

0. 

210. 

1.5 

< 

.01 

.01 

7.7 

538. 

0. 

55  4isr 

404ri 

^l.^ 

13.7 

1006. 

11-23-76 

9.5 

94. 

134. 

270. 

10.5 

.«« 

.03 

19.2 

613. 

0. 

5S  46F 

4[)Ar4 

21.3 

13.7 

1006. 

6-27-75 

11.5 

91. 

129. 

267. 

8.6 

< 

.01 

.16 

20.6 

605. 

0. 

55  *ftF 

4i)n4B 

24.4 

!2.5 

1009. 

n-?3-76 

8.5 

105. 

1*9. 

2*0. 

10.8 

.06 

< 

.01 

20.0 

5*9. 

0. 

55  4ftF 

pncoiR 

5.5 

.3 

994. 

1-14-74 

8.0 

127. 

238. 

*70. 

*7.9 

c 

.01 

.38 

20.2 

986. 

0. 

55  4f,F 

Einn«A 

9.1 

6.1 

lOlR. 

1-18-74 

B.5 

123. 

14*. 

250. 

13.0 

< 

.01 

< 

.01 

22.3 

6*9. 

0.  ■ 

55  4f,F 

?4RCCH 

9.1 

105?. 

l-lfl-74 

8.5 

99. 

163. 

2B6. 

12.* 

< 

.01 

< 

.01 

16.7 

723. 

0. 

55  4qF 

32ADCD 

67.1 

36.2 

106*. 

7-27-76 

11.5 

53. 

29. 

800. 

6.8 

.BZ 

.02 

7.6 

483. 

0. 

55  51F 

7CDAC 

26B.2 

19.5 

951. 

7-28-76 

12.0 

168. 

86. 

550. 

5.9 

.40 

.09 

9.6 

832. 

0. 

65  IQF 

HDHPC 

30.5 

?6.5 

1181. 

6-17-76 

10.5 

61. 

76. 

69. 

10.* 

.13 

.12 

29.1 

533. 

0. 

65  3">F 

15nDRC 

12.? 

11. 9 

1250. 

6-26-75 

U.5 

*6. 

68. 

331. 

5.3 

< 

.01 

.02 

9.6 

702. 

0. 

65  3qF 

17HDHC 

1R.3 

17.1 

1189. 

6-17-75 

10.5 

58. 

91. 

*0. 

7.9 

< 

.01 

.0* 

17.5 

513. 

0. 

65  10F 

WCriAC 

30.5 

?7.4 

1187. 

6-17-75 

13.5 

25. 

17. 

186. 

6.1 

< 

.01 

.08 

1*.7 

527. 

0. 

65  4  IF 

?3CCCC 

91.4 

10*2. 

7-10-75 

9.0 

5. 

9. 

490. 

6.6 

.10 

.01 

3.9 

1337. 

0. 

65  41E 

laCADA 

1058. 

7-  3-75 

13.0 

38. 

104. 

146. 

11.2 

.01 

< 

.01 

15.2 

53*. 

0. 

65  4  2F 

lOOC   1 

1*3.3 

-19.7 

951. 

5-19-75 

16.5 

3. 

3. 

500. 

2.6 

< 

.01 

.01 

8.2 

773. 

0. 

65  42E 

inoc  2 

75. n 

957. 

5-19-75 

13.5 

69. 

49. 

42. 

5.9 

.51 

.03 

1*.7 

398. 

0. 

65  42F 

13HAR 

76.2 

-.0 

957. 

3-  6-74 

9.8 

3. 

2. 

506. 

2.* 

.21 

< 

.01 

6.8 

1273. 

10. 

65  4?F 

UCAA 

.88.4 

-3.2 

953. 

3-  5-74 

10.5 

1. 

0. 

509. 

2.0 

< 

.01 

< 

.01 

7.1 

1060. 

70. 

65  4aF 

140CA 

102.1 

-3.2 

957. 

3-  6-74 

9.4 

2. 

0. 

5or. 

2.2 

< 

.01 

< 

.01 

7.0 

1159. 

1*. 

65  4?E 

l6Acr)0 

29.3 

13.7 

1009. 

11-10-76 

10.5 

78. 

10*. 

256. 

11.8 

.07 

.01 

15.2 

528. 

0. 

1 

65  4PE 

P3HCA 

106.7 

-.0 

95fl. 

3-  5-74 

10.5 

2. 

1. 

537. 

2.3 

< 

.01 

< 

.01 

6.8 

1*02. 

*. 

65  42F 

23RnR 

4fl.B 

-3.7 

959. 

3-  6-74 

10.5 

3. 

0. 

5*0. 

2.* 

< 

.01 

< 

.01 

6.5 

1382. 

2. 

■^ 

65  42F 

23CAR 

173.7 

-?0.9 

963. 

3-  6-7* 

11.5 

2. 

0. 

3B8. 

1.7 

.08 

< 

.01 

7.6 

1011. 

0. 

1 

65  4?E 

?7ARR 

96.0 

-♦.1 

96?. 

3-  6-7* 

10.8 

2. 

1. 

6*5. 

2.7 

< 

.01 

< 

.01 

7.3 

1688. 

0. 

65  4?F 

P9CAA 

137.2 

-2.9 

969. 

3-  1-74 

10.0 

1. 

1. 

505. 

2.1 

< 

.01 

< 

.01 

7.1 

1291. 

5. 

65  4aF 

32ABA 

213.4 

-.0 

975. 

3-  1-74 

1*.0 

2. 

0. 

361. 

1.7 

< 

.01 

< 

.01 

8.2 

**7. 

0. 

65  4?E 

3?CflA 

121.9 

-2.4 

975. 

3-  2-74 

7.5 

*. 

0. 

553. 

3.0 

.02 

< 

.01 

7.1 

1669. 

0. 

65  41F 

7DCC 

160.0 

-16.7 

963. 

3-  2-74 

6.0 

3. 

1. 

528. 

2.9 

< 

.01 

< 

.01 

7.8 

1362. 

0. 

65  4  3E 

18H4R 

1*6.3 

-19.2 

954. 

3-  2-74 

12.4 

2. 

0. 

*25. 

2.1 

< 

.01 

< 

.01 

7.8 

109*. 

0. 

65  4flE 

9flflnA 

36.6 

16.7 

123*. 

7-20-76 

13.0 

170. 

11*. 

R4. 

5.7 

.0* 

.12 

11.5 

752. 

0. 

65  49E 

30RACB 

94.5 

1079. 

7-20-76 

13.5 

12. 

5. 

505. 

3.8 

.0! 

.01 

8.1 

561. 

0. 

65  51F 

30CCCC 

175.6 

45.7 

1021. 

8-  3-76 

13.0 

3. 

1. 

250. 

1.6 

.05 

.01 

7.5 

55*. 

0. 

75  IflE 

?4nRn  1 

lfl.3 

9.1 

1329. 

7-17-7* 

10.* 

96. 

89. 

?0. 

*.5 

.0* 

.18 

20.1 

567. 

0. 

75  a^E 

9CRn8 

36.6 

12.2 

1265. 

7-30-74 

8.C 

54. 

9*. 

39. 

6.7 

< 

.01 

.03 

IA.3 

♦62. 

0. 

7S  ^')E 

16ACD 

lfl.3 

*.3 

1271. 

7-23-74 

8.0 

75. 

93. 

20. 

9.1 

< 

.01 

.01 

13.6 

607. 

0. 

75  1<>E 

?0OAAC 

*fl.R 

2.7 

129R. 

5-20-75 

1*.5 

8. 

8. 

3**. 

3.8 

< 

.01 

< 

.01 

7.* 

678. 

0. 

75  19F 

21ADA 

7.2 

1286. 

7-11-74 

11.5 

95. 

102. 

39. 

6,* 

« 

.01 

.05 

13.2 

♦  93. 

0. 

75  39F 

?1CDA 

30.5 

♦  .6 

1294. 

7-19-7* 

8.0 

78. 

81. 

55. 

6.6 

.0* 

.02 

M.l 

517. 

0. 

75  3<)E 

22HC0 

12. R 

10.7 

1292. 

7-15-74 

11.0 

92. 

loo. 

3*. 

5.5 

< 

.01 

.09 

12.7 

591. 

0. 

75  3qE 

23AC0 

46.9 

16.3 

1283. 

9-15-72 

100. 

212. 

2*8. 

9.0 

.0* 

.01 

32.1 

♦  68. 

d. 

75  39E 

23A0CA 

36.6 

15.2 

1285. 

9-15-72 

117. 

1*0. 

890. 

15.0 

.02 

.01 

16.3 

♦  88. 

0. 

75  39E 

^7C0C 

106.7 

45.7 

1247. 

7-23-74 

12.0 

2. 

2. 

372. 

2.6 

< 

.01 

< 

.01 

a.* 

725. 

20. 

7S  39E 

31ACA 

11.9 

9.1 

1347. 

7-17-74 

9.0 

101. 

9*. 

23. 

2.9 

.02 

.02 

13.2 

♦  83. 

0. 

75  39E 

35DAB 

2B.0 

22.3 

1207. 

7-15-7* 

10.0 

35. 

36. 

40. 

5.7 

.05 

.02 

la.A 

195. 

0. 

75  39E 

360000 

22.9 

15.2 

1192. 

9-15-72 

37. 

*1. 

♦  3. 

6.9 

.02 

< 

.01 

51.3 

197. 

5. 

75  40E 

5D0C 

41.8 

27.4 

1253. 

7-16-74 

10.5 

U. 

6. 

32*. 

4.8 

.05 

< 

.01 

e.i 

536. 

0. 

75  40E 

150CBD 

8.8 

2.5 

1152. 

7-17-75 

10.5 

8*. 

133. 

61. 

10,5 

.01 

.01 

IT.l 

610. 

0. 

75  40E 

27COAn 

4.0 

2.4 

1140. 

7-  9-75 

11.5 

65. 

52. 

32. 

14.0 

.01 

.01 

20.3 

307, 

0. 

•NOTE' 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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niSSOLVEO    SODIUM 
SOLIOS    AOSOBPTION 


DATE 

SULFATE 

CHLORIDE 

FtUORIOe 

NITRATE 

CALC.  *5 

RATIO 

LOCMION 

SAMPL-0 

(S04) 

(CD 

(Fl 

(N03  AS  N) 

RESinUE) 

(S.4.a 

55  4SF  aeflPRA 

6-25-75 

4. 

40.0 

1.7 

.20 

1099. 

«8.a 

5S  45F  35RAWa 

5-22-75 

1. 

15,5 

1.5 

.23 

505. 

3*.* 

55  «f,F:   404CA 

11-23-76 

844. 

8.5 

.5 

.23 

1683. 

♦  .2 

55  4hF   4DAr6 

6-27-75 

810. 

4.6 

.5 

5.26 

1634. 

*.2 

55  AftF   (.nOAB 

ll-23-'6 

90  1  . 

8.0 

.5 

.12 

1704. 

3.5 

55  4^F  pocnsB 

1-14-74 

1542. 

10.1 

.5 

.10 

2941. 

5.T 

55  4ISF  aionsA 

l-lfl-74 

896. 

7.1 

.5 

.07 

1775. 

3.6 

5S  46E  ainCCH 

l-lP-74 

948. 

6.9 

.5 

.20 

1898. 

*.l 

55  49?  32ADCD 

7-27-,6 

1523. 

8.0 

.3 

3.34 

2667. 

22.1 

55  51E   7CDAC 

7-28-76 

1462. 

5.6 

.2 

2.35 

2798. 

10.2 

65  3<5E   8DRBC 

6-17-75 

183. 

1.1 

.8 

.36 

693. 

1.4 

65  3or  isnDRC 

6-26-'5 

509. 

3.3 

.8 

1.11 

1319. 

7.3 

65  3<5F  17B0PC 

6-17.75 

181. 

2.5 

.8 

.43 

65  1. 

.B 

65  T)E  17CnAC 

6-17-75 

108. 

1.0 

.8 

1.24 

619. 

7.0 

65  41F  23CCCC 

7-10-75 

1  . 

7.0 

11.6 

.15 

1192. 

29.9 

65  41F  32CAnA 

7-  3-75 

368. 

4.7 

.6 

1  .65 

952. 

2.8 

65  42F   IDDC   1 

6-19-75 

461. 

3.4 

3.1 

1.06 

1365. 

52.1 

65  42F   IDDC   2 

6-19-75 

138. 

3.7 

.8 

.27 

520. 

.9 

65  42E  13BAB 

3-  6-74 

28. 

4.0 

9.1 

.07 

1197. 

55.1 

65  42E  13CAA 

3-  6-74 

96. 

3.8 

6.7 

<   .02 

1217. 

106,6 

65  42E  140CA 

3-  6-74 

106. 

4.5 

7.4 

.02 

1220. 

95.0 

65  42E  16ACnD 

U-in-76 

608. 

15.0 

1.7 

.43 

1399. 

*.5 

65  42F  P3HCA 

3-  6-74 

0. 

4.3 

9.1 

.05 

1256. 

85.5 

65  42F  23Bn» 

3-  6-74 

19. 

4.6 

9.5 

.02 

1266. 

84,5 

65  42F  23CSB 

3-  6-74 

0. 

5.0 

5.3 

.09 

907. 

69.6 

65  42'^  27ARK 

3-  6-74 

1. 

4.6 

7.0 

<   .02 

1500, 

98,6 

65  42F  pqCAO 

3-  1-74 

1  . 

6.8 

10.4 

<   .02 

1174. 

90.0 

65  42F  32AB4 

3-  1-74 

1. 

5.1 

5.2 

.05 

850. 

64.6 

65  42E  32CHA 

3-  2-74 

1. 

5.2 

9,  1 

.05 

1503. 

83.2 

65  4  3E   7DCC 

3-  2-74 

1. 

6.3 

6.0 

<   .02 

1225. 

74.7 

65  43F  18B4B 

3-  2-74 

1. 

4.3 

6.0 

.14 

986. 

73.6 

65  4')F   qBBDA 

7-20-76 

388. 

in.i 

.2 

17.62 

1171. 

1.2 

65  49E  30H4CB 

7-20-76 

659, 

6.1 

.5 

<    .02 

1476. 

31.6 

65  51E  30CCCC 

8-  5-76 

70. 

18.2 

1.6 

.03 

625. 

31.0 

75  3SE  24nBn   1 

7-17-74 

182. 

2.0 

.7 

<   .02 

693. 

,* 

75  3<5F   <)CRnB 

7-30-74 

206. 

4.2 

.4 

.09 

646. 

.7 

75  39E  16AC0 

7-2J-74 

99. 

6.1 

.6 

1.15 

616. 

.* 

75  39E  2004AC 

6-2C-75 

221. 

I.* 

,4 

1.76 

928. 

21.0 

75  39E  21ADA 

7-11-74 

318. 

4.5 

.9 

2.71 

824. 

.7 

75  39F  21CDA 

7-19-74 

236. 

4.5 

.5 

.18 

742. 

1.2 

75  39E  22RCn 

7-15-74 

231. 

2.8 

.8 

.61 

770. 

.6 

75  39E  23ACn 

9-1^-72 

1223. 

4.1 

<   .1 

6.84 

2065. 

3.2 

75  39F  23A0C4 

9-15-72 

2276. 

7.4 

.6 

6. 84 

3709. 

13.1 

75  39F  27CDC 

7-23-74 

167. 

3.2 

.84 

935. 

46.6 

75  39E  31ACA 

7-17-74 

286. 

,4 

.5 

.34 

759. 

.* 

75  39E  350AB 

7-16-74 

166. 

3.3 

1.0 

<   .02 

401  . 

1.1 

75  39E  36CDDC 

9-15-72 

171. 

2.5 

1.2 

1.47 

457. 

1.1 

75  40E   5D0C 

7-16-74 

302. 

3.4 

.4 

*.97 

928. 

19.6 

75  40E  15DCPn 

7-1^-75 

380. 

6.0 

.5 

.61 

992. 

1.0 

75  4aE  27CnAD 

7-  9-75 

189. 

5.7 

.9 

.93 

531  . 

.7 

SPECIFIC 

CONDUCTANCE 

PH 

««ICROMHOS 

L6B0BA- 

COLLECTING 

CONTRIBUTING 

AT  25  C» 

TORY) 

AGENCY 

AQUIFER 

1963. 

10,14 

USGS 

KNOBLOCH  C»UB 

877. 

7.74 

US6S 

SUBKN08L0CH 

2308. 

7.60 

USGS 

KNOPLOCH  C. 

2220. 

7.53 

USGS 

KNOPLOCH  C. 

2275. 

7.75 

USGS 

KNOBLOCH  C. 

364  1 . 

7.87 

USGS 

KNOeLOCK  OH. 

2300. 

7.92 

USGS 

AL.FTFTEEN"I.CR. 

2360. 

8.02 

USGS 

AL.FJFTEENMI .CR. 

3738. 

7.63 

USGS 

BASAL  TONGUE  R 

3841. 

T.63 

USGS 

HELL  CR 

1062. 

7.89 

USGS 

ALLUV. ROSEBUD  CR 

1955. 

7.39 

USGS 

CANYON  CLINKER 

1025. 
1005. 

7.42 
7.38 

USGS 
USGS 

ALLUV,  ROSEBUD  C 
ALLUV. ROSEBUD  CR 

1972. 

8.07 

USGS 

PBEWSTER-ARN.C. 

1414. 

7.96 

USGS 

SUB-WALL 

2120. 

7.94 

USGS 

BASAL  TONGUE  R. 

834. 

7.35 

USGS 

KNOPLOCH  COAL 

1895. 

8.34 

USGS 

KNOBLOCK  COAL 

1938. 

3.93 

USGS 

DFEP  SANnSTONE 

1923. 

8.49 

USGS 

DEEP  SAN05TONE 

2055. 

7.78 

USGS 

BREW-ARNOLD  09 

2017. 

8.33 

USGS 

DEEP  SANDSTONE 

2010. 

8.31 

USGS 

DEEP  SANDSTONE 

1467. 

8.27 

USGS 

DEEP  SANDSTONE 

2342. 

8.27 

USGS 

DEEP  SANDSTONE 

1878. 

8.32 

USGS 

DEEP  SANDSTONE 

1372. 

8.22 

USGS 

DEEP  SANOSTONE 

235T. 

8,29 

USGS 

DEEP  SANDSTONE 

1902. 

8.20 

USGS 

DEEP  SANDSTONE 

1578. 

8.29 

USGS 

DEE"  SANDSTONE 

1782. 

7.51 

USGS 

CANYON  COAL 

2179. 

7.76 

USGS 

UNKNOWN 

1013. 

8.23 

USGS 

UNKNOWN 

1064. 

7.39 

USGS 

AND. CLINKER 

1009. 

7.93 

USGS 

CANYON  COAL 

1029. 

8.04 

USGS 

ALLUV. ROSEBUD  CR 

1462. 

7.49 

USGS 

DIET?  COAL 

1225. 

T.40 

USGS 

ALLUV,"OSEBUD  CR 

1130. 

7.60 

USGS 

ANOERSON  COAL 

1172. 

7.37 

USGS 

ALLUV.oOSEBUO  CR 

2520. 

7.91 

MHMG 

DIETZ  COAL 

4520. 

8.08 

MPHG 

UNKNOWN 

1501. 

8.57 

USGS 

UNKNOWN 

1149. 

7.53 

USGS 

AND.  CLINKER 

569. 

7.50 

USGS 

DIET?  CLINKER 

649. 

8.34 

MflMG 

DIET?  CLINKER 

1447. 

7.76 

USGS 

CANYON  COAL 

1472. 

7.45 

USGS 

ALLUV.FOURHI .CR. 

828. 

7.41 

USGS 

ALLUVIUM  POST  CR 

CD 
I 


•NOTE" 


INDICATED  CONCENTRATIDNS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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Q 


© 


f5 


e 


I.OrsT  IDN 


ST*nc 

WFLL  W«rtR 
DEPTH  LfVEL 
(METEBS)  (MEIfnSl 


L«NO 
50RF4CE 
ALTITUDE    D*TE 
<METERSI   SAMPLED 


7S  41E 

7S  41F 

7S  4  IF 

7S  41E 

75  ..IE 

7S  *?F 

7S  4?F 

7S  6SF 

75  iP.F 

75  SIE 

fl5  :iflE 

B5  IflF 

HS  1<>F 

fl5  T3F 

fl5  1QF 

fiS  aQF 

eS  40E 

85  40E 

as  4r)E 

flS  41E 

B5  4IE 

fl5  41F 

fiS  <.?F 

85  4?F 

85  4?E 

85  43F 

85  hIF 

as  43F 

85  4  3F 

as  44F 

85  44F 

85  44E 

85  44F 

85  /,4F 

as  45E 

85  45E 

85  45f 

as  45E 

85  45f 

8S  45E 

85  4SF 

85  45E 

as  46E 

85  4aF 

85  48F 

as  SOE 

95  jflF 


95 
95 


?8F 
19E 


95  4I)F 
9S  40E 
9S    40F 


4nrnn 

1 9DC  A  A 
?^AnCA 
27L)HRC     1 
27nHPC    2 
^RCA« 
ftHCHH 

nnccc 

15ACflfl 
34PCfnR 
1  1«DR 

i?ncnD 

lAURR 
IPACR   1 
13«PC 
14CRBD 
1  ICAA 

laRRAn 

33ACnH 
PICAPC 

?4ncB« 

P5CCAP 
15RCCt) 

afeCRPR 

?9B0AC 
13ACCA 

?3onnH 

?9nAPC 
30RBCn 
2AADC 
ISRCC 

2?ccn 

3S4i)rc 
35Ancc 

4ACAH 
1600CB 

20RDiH 
27BDRO  1 
33BAAC 
33RAnB 
3  3RRno 
34CAAC 

snoAo 

laAACA 
1 3BDD0 
JSCflO 
24CABC  1 

?*CABc  a 

14BDAD 

3ACAR 

4CDA 
17ACAC 


18.3 

13.4 
ft.l 
6.1 

79.? 
^■.1 

68,  f, 

I?. a 

253.0 

1?.8 

5.5 

16.8 

93.0 

106.1 

4.3 
92.4 

30.? 

1?.8 

128.0 

47.9 

48.5 

6.1 

33.5 

83,5 

7.3 

14.3 

14.6 

15. S 

57.9 

9.8 

8.5 

7.6 

12.8 

13.7 
15.2 

9.1 


9. 

6. 

4. 

173. 

115. 

12.2 

4.6 

73.2 

61.0 

54.9 


2.7 
5.5 
1.8 
3.7 

3.7 
13.1 

8.7 
20.4 

2.1 


14 
43 
7b 

24 

1 

45 

16.5 

24,9 

4 

118 

12 

27 

3 
23.8 

5.5 

4.6 
11.3 
11.1 

3.7 
»3.9 

8.2 


3.* 

6.7 

1.9 
2.1 

3.0 
.1 
-.0 
4.3 
3.1 
12.5 

8.0 
29.0 


1020. 
1067. 

994. 
IflOO. 
1000, 

981  = 

981, 
103ft. 
1055. 
1116. 
1301. 
1247. 
117a. 
1177. 
1244. 
1161. 
1062. 
1172. 
1062. 
1138. 
1213. 
1265. 
1198. 
1161. 
1213. 
1178. 
1099. 
1073. 
1103, 
1141. 
1190. 
1251. 
1224. 
1224, 
10B4. 
1122. 
1152. 
1133. 
1149. 
1149, 
1152. 
1146. 
1100. 

997. 
1006. 
1140. 
1183. 
1183. 
1113. 
1044. 
1080. 
1082. 


7-  3-75 
7-17-75 
6-26-75 
7-17-75 
7-17-75 
6-24-75 
6-24-75 

8-  3-76 
7-21-75 
7-22-76 
7-10-74 
7-10-74 
7-11-74 
7-18-74 
7-29-74 

10-13-73 

7-17-74 

6-18-75 

10-11-73 

10-17-73 

11-  9-75 

10-14-73 

11-10-76 

11-15-73 

11-10-76 

6-19-75 

2-26-74 

10-26-73 

11-15-73 

U-16-73 

6-  4-75 

6-19-75 

6-19-75 

2-  3-74 

2-27-74 

2-  2-74 

2-  2-74 

1-31-74 

2-  1-7* 

1-30-74 

2-  2-74 

1-30-74 

2-  7-74 

7-22-75 

7-28-76 

7-20-76 

10-15-72 

4-25-73 

10-17-73 

5-  2-75 

6-18-75 

7-14-72 


TEMPER- 

CALCIUM 

HASNESIUH 

SODIUM 

POTASSIUM 

IRON 

MANOANESE 

SILICA 

eiCARBOMAie 

CARBONATE 

ATURE  (C) 

(CAI 

(MG) 

CNAI 

IK) 

«FE» 

IHN) 

(SI02» 

<MC03) 

(C03) 

11.0 

40. 

76. 

1*1. 

13.2 

.02 

.01 

5.1 

350. 

0. 

9.0 

90, 

139. 

96. 

11.5 

.01 

.01 

1*.8 

605. 

0. 

10.0 

71. 

72. 

137. 

T.9 

<   .01 

.01 

13.4 

361. 

0. 

9.5 

32. 

4*. 

350. 

9.* 

.01 

.01 

U.5 

107*. 

0. 

9.0 

55. 

1*4. 

8*5. 

13.2 

.01 

.01 

16.6 

1557. 

0. 

9.0 

55. 

56. 

59. 

9.0 

«   .01 

« 

.91 

19.5 

347. 

9. 

9.0 

109. 

56. 

5*. 

3.9 

«   .01 

.01 

12.* 

393. 

ft. 

11.0 

3. 

1. 

*92. 

2.9 

.05 

< 

.01 

7.1 

S277. 

0. 

12.5 

102. 

120. 

220. 

12.9 

.31 

.03 

21.0 

521. 

0. 

9.5 

109. 

48. 

23. 

*.8 

.10 

.05 

11.0 

371. 

0. 

12.0 

189. 

184. 

100. 

S.5 

.01 

< 

.01 

15.8 

615. 

0. 

9.5 

127. 

117. 

73. 

6.7 

.01 

.01 

18.9 

631. 

0. 

11.5 

59. 

65. 

*5. 

8.8 

<   .01 

< 

.01 

23.9 

1T6. 

e. 

12.5 

31. 

23. 

261. 

7.5 

<   .01 

.01 

12.0 

*?6. 

9. 

10.0 

156. 

19». 

5*3. 

13,8 

<   .01 

.12 

15.* 

859. 

0. 

12,0 

89. 

70. 

113. 

7.5 

.05 

.0* 

1*.2 

507. 

0. 

13,5 

85. 

57. 

36. 

8.1 

<   .01 

< 

.01 

21.3 

♦  20. 

0. 

12.0 

37. 

31. 

52. 

6.1 

<   .01 

.02 

12. ♦ 

2*6. 

0. 

10.5 

130. 

72. 

179. 

12.* 

.03 

.05 

13.2 

3*7. 

0. 

15.0 

2*. 

32. 

60. 

5.6 

«   .01 

< 

.01 

32.6 

215. 

«. 

11.5 

247, 

500. 

365. 

3.5 

i.eo 

,10 

7.3 

69*. 

0. 

13.5 

29. 

14. 

1213, 

9.1 

.02 

.03 

8.6 

990. 

0. 

9.5 

181. 

320. 

280. 

6.6 

.16 

.0* 

9.* 

Too. 

0. 

11.0 

108. 

96. 

720. 

12.3 

<   .01 

.10 

12.1 

r!35. 

r. 

10.0 

132. 

175. 

117. 

5.* 

.10 

.01 

10.7 

500. 

0. 

11.0 

43. 

53, 

93. 

7.0 

<   .01 

.02 

11.6 

♦  71. 

0. 

9.0 

217. 

329. 

790. 

8.4 

.02 

.0* 

I*. 6 

600. 

0. 

9.0 

121. 

102. 

215. 

9.3 

.01 

< 

.01 

**1. 

0. 

9.5 

74. 

103, 

13B. 

7.3 

<   .01 

< 

.01 

18.* 

317. 

0. 

9.0 

3*. 

24, 

387. 

T.3 

.03 

.01 

10.6 

589. 

26. 

9.0 

174. 

189. 

120. 

5.9 

.13 

.01 

9.8 

*39. 

0. 

11.0 

57. 

76. 

38. 

*.2 

«   .01 

< 

.01 

2.1 

301. 

0. 

10.0 

80. 

45. 

17. 

l.T 

<   .01 

< 

.01 

13.5 

♦  22. 

0. 

9.4 

79. 

48. 

20. 

1.6 

.02 

€ 

.01 

16.3 

♦  22. 

0. 

12.0 

177. 

295. 

593, 

17.1 

.02 

.10 

21.1 

T12. 

0. 

8.6 

357. 

*10. 

T33, 

19,* 

.03 

.02 

2*. 8 

TOT. 

0. 

8.6 

225. 

282. 

368. 

11.3 

.02 

.03 

19.9 

517. 

0. 

8.5 

402. 

337. 

9B3. 

15.9 

.03 

.02 

23.5 

565. 

0. 

8.0 

394. 

273. 

696. 

39.* 

.95 

1.08 

25.2 

T86. 

0. 

9.5 

410. 

382. 

613. 

36.8 

.06 

1.38 

M.A 

T52. 

0. 

8.5 

148. 

29*. 

*6*. 

7.* 

«   .01 

.*6 

25.0 

106. 

0. 

7.6 

288. 

213. 

503. 

12.2 

.03 

1.6* 

20.5 

569. 

0. 

4.0 

114. 

193. 

379. 

33.6 

<   .01 

< 

.01 

16.0 

692. 

0. 

13.5 

3. 

1. 

203. 

1.5 

.01 

< 

.01 

7.1 

532. 

0. 

12.0 

3. 

1. 

218. 

l.T 

.0* 

< 

.01 

7.5 

5^9  ► 

». 

9.5 

272. 

199. 

60. 

10.5 

.08 

.07 

21. 0 

29^. 

0. 

7.0 

110. 

220. 

155. 

12.0 

.02 

.07 

*0.0 

500. 

0. 

5. 

2. 

♦  *0. 

*.l 

«   .01 

< 

.01 

6.8 

eT*. 

T2. 

14,0 

3. 

I. 

35*. 

*.o 

«   .01 

< 

.01 

8.8 

BTO. 

28. 

12.0 

2. 

1. 

350. 

3.2 

.01 

< 

.01 

9.1 

933. 

0. 

12.5 

217. 

3*1. 

506. 

2b.  7 

•  91 

.01 

IT. 3 

3T17 

0. 

12.0 

4. 

2. 

500. 

♦  .1 

*.oe 

.02 

19.3 

9<53. 

18. 

•NOTE« 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 
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LOrsTIOM 


7S  41R 
75  4ie 
7S  4  1E 
7S  »1E 
7S  4  1E 
7S  4?r 
7S  *3E 
75  «5F 
75  48E 
75  51E 
65  3flE 
flS  TflE 
85  -I'JE 

85  39E 
85  39F 
85  40E 
85  *0E 
65  40E 
85  41E 
85  41E 
85  41F 
85  4?E 
85  42F 
85  4?E 
85  4  3F 
85  4  IF 
85  4  3F 
85  4  3F 
85  44E 
85  44E 
85  44E 
85  44F 
85  44F 
85  45E 
85  45E 
85  45E 
85  45E 
85  45E 
85  45E 
85  45E 
85  45E 
85  46E 
85  48E 
85  4SF 
85  50E 
95  3aE 
95  38F 
95  39F 
95  40F 
95  40E 
95  40E 


ADcnn 

1<)DC«A 
??ADCS 
27DBRC  1 

a7nRBC  2 

6RCAA 

6RCn« 
13DCCC 
154C4B 

340^08 
11408 
12DC00 
lAORB 
1?4CB    1 
13BPC 
14CHBD 

licaa 

188840 
334CDH 
21CAPC 
24nCP» 
25CCSB 

leacco 
aeCRBB 
?9flDac 
134CC4 
23DBnB 
29n4PC 
30flBCD 
244DC 
ISRCC 

aaccn 

3540CC 
354DCC 

44C«B 
1600CB 
aOBOAB 
278080  1 
33B44C 
33B40B 
33BBnn 
3»Ca«C 

5D0A0 
1244CA 

i3Bono 

25CBD 
24CABC  1 
24C4PC  2 
14B040 

3ACAfl 

4CDA 
17ACAC 


DSTE 

SAMPLED 

7-  3-7'5 
7-17-75 
6-25-75 
7-1T-75 
7-17-75 
6-24-75 
6-24-75 

8-  3-T6 
7-21-76 
7-22-76 
7-10-74 
7-10-74 
7-11-74 
7-18-74 
7.29-74 

10-13-73 

7-1 7-74 

6-18-75 

lO-n-73 

10-17-73 

11-  Q-76 

10-14-73 

11-10-76 

11-15-73 

11-10-76 

6-19-75 

2-26-74 

10-26-73 

11-15-73 

11-16-73 

6-  4-75 

6-19-75 

6-19-75 

2-  3-74 

2-27-74 

2-  2-74 

2-  2-74 

1-31-74 

2-  1-74 

1-30-74 

2-    2-74 

1-30-7* 

2-  7-74 

7-22-76 

7-28-76 

7-20-76 

10-15-72 

4-26-73 

10-17-73 

5-  2-75 

6-18-7B 

7-14-72 


SULFATE 
(S0»> 

396. 

486. 

457. 

122. 
1217. 

193. 

263. 
0. 

?82. 

209. 

925. 

400. 

34  8. 

367. 
1523. 

327. 

176. 

126, 

703. 

142. 
3048. 
1832. 
1712, 
1311. 

847, 

129. 
308(1. 

811. 

634. 

487. 
1079. 

274. 

55, 

71. 

2292, 

3526, 

2028. 

3898. 

2908. 

3128. 

2334. 

2182. 

1358. 

5. 

20. 

1339. 

1066. 

120. 

10. 

1. 

2592. 

273. 


C ML OB  IDE 
iCLS 

6.2 
11.2 

4.5 
17.5 
26,5 

3.2 
11.7 
21  .4 

4,5 

1.2 

5.8 
12.6 

4,5 

5 
15 

6 

6 

3 


3 

3 

5 

8 

5 

5,7 

7,4 

33.5 

2  3,.  2 

21.5 

7.7 

10.0 

8.7 

19.6 

7.5 

6.4 

8.0 

7.3 

3.9 

6,0 

6.7 

20.0 

20.6 

13.9 

19,8 

23,5 

21.3 

20,1 

15,0 

8.8 

13.4 

6.5 

4.9 

6.5 

4.3 

3.5 

3.9 

14.7 

5.1 


FLUOSIOE 
(F! 

.7 

.6 

.6 
1.4 
2.2 

,5 

.3 
3.6 

.7 

.4 

.3 

.9 
1.0 
2.2 

.B 

.3 
1.0 

.6 

.3 

i.a 
,^ 

.5 
.5 
.2 
.5 
.5 
.5 
1.1 
.5 
.6 

.4 
.7 
.6 
.6 
.6 
.2 
.6 
.5 
.7 
.7 


.7 
1.1 
l.l 

.1 

.2 
2.2 
2.8 
4.0 

.8 
2.9 


HITHATE 
!N03  AS  i4) 

1.99 

,57 
2.55 

.14 
1.83 

.68 
1.13 

.03 

.13 
1.21 
1.02 

.36 
2.08 

.08 
13.24 

.34 

.07 

.36 
1.36 
1.33 

.20 
3.95 

.63 

.09 
1.97 

.52 

.25 
1.81 
1.54 
2.24 

1.04 

3.00 
1.76 
1.67 

.36 

.41 
5.51 
3.89 

.47 
9.04 
1.29 

,66 
1.06 

.04 
<   .02 

.06 

.23 
1.78 

.99 

.07 
2.44 
1.45 


DISSOLVED    SODIUM 

SOLIDS  40S0RPTION 

CALC.  AS    RATIO 
seSIDJE)   (S,a»S»l 


852. 
U46. 

943. 
1118. 
3087. 

565. 

705, 
1160. 
1520. 

589. 
1729. 
1067. 

643. 

928. 
2901. 

877. 

598. 

390. 
1297, 

413. 
4649. 
3620. 
2876, 
2826. 
1547. 

578. 
4754. 
1485. 
1139. 
1276. 
1802. 

607. 

429. 

452. 
3766. 
5439. 
3208. 
5961. 
4749. 
5003. 
3347, 
3515, 
2444, 

496, 

529. 
2051. 
1856. 
1088. 

8*3. 

832. 
3899. 
1302, 


3.0 
1.5 
2.7 
9.4 

13.6 
1.3 
1.0 

58.6 
3.5 
.5 
1.2 
1.1 
1.0 
8.7 
6.8 
2.2 
.7 
1.5 
3.1 
1,9 
2.9 

*5.9 
2.9 

12.2 
1.6 
2,2 
7.9 
3.5 
2.4 

12.5 

1.5 

.6 

.4 

.4 

6.3 

6,3 

3.9 

8.7 

6.6 

5.2 

5.1 

5.5 

5.0 

28,9 

27.7 

.7 

2.0 

*3.0 

49.2 

ss.e 

5.0 

5*83 


SPECIFIC 

COASOUCTANCE 

PH 

(MICROMHOS 

L6S0BS- 

COttECTINS 

CONTRIBUTING 

»T  35  C» 

TOfiYS 

asENcr 

40UIFER 

1271. 

7.12 

uses 

ALLUW.CAMrON  CR 

16*6. 

7.40 

USGS 

«ALU  CPALS.CL, 

1363. 

7.73 

USGS 

ALLUV.TOfJGUE  « 

iTse. 

7.61 

USGS 

W/>LL  COAL 

3951, 

8.09 

0S6S 

HALL  COAL 

975. 

7.52 

USGS 

DEEP  SANnSTONE 

1071. 

6.98 

USGS 

SLLUV. TONGUE  R 

1871. 

8.05 

USGS 

UNKNOhM 

2098, 

7.65 

USGS 

4LLUV. BLOOM  CR 

927. 

7.61 

USGS 

UNtCNO«M 

2200. 

7.60 

OSGS 

ALLUV.SOPING  C«. 

1541. 

7.76 

USGS 

ALLUV.SP^-Nf,  CR, 

9*4, 

7.68 

USGS 

ANO.-DIETZ  CL. 

1419. 

8.46 

USGS 

SUB-niFTZ  2 

3690. 

7.44 

USGS 

«ND,-OI£TZ  COAL 

1190. 

7.88 

USGS 

ONKNOtfM 

919. 

7.64 

USGS 

AL.  LEAF  ROCK  CR 

704. 

6.89 

USGS 

CANYON  COAL 

1610. 

7.74 

USGS 

DIETZ  ?  COAL 

638. 

fi.21 

USGS 

ANDERSON  CLINSEft 

5148. 

7.42 

USGS 

SMITH  COAL 

4900. 

8.05 

USGS 

ANDERSON  COAL 

3402. 

7.36 

USGS 

ANDERSON  COAL 

3710. 

8.21 

USGS 

ANDERSON  COAL 

2033. 

7.86 

USGS 

ALLUV.AhOER.  CR, 

946. 

7.59 

USGS 

ANDERSON  OB 

5492. 

7.45 

USGS 

UNKNOWN 

1930. 

8.29 

USGS 

DIETZ  COAL 

1550. 

7.78 

USGS 

OlETZ  COAL 

1830. 

8.59 

USGS 

DIETZ  COAL 

2760, 

7.57 

USGS 

ANDERSON  COAL 

944. 

7.25 

USGS 

ANDERSON  COAL 

742. 

7.32 

USGS 

FAR  ABOVE  AND. 

750. 

7.84 

USGS 

FAR  ABOVE  ANn. 

4485. 

7.33 

USGS 

ALLUVIUM, BF4R  CR 

5835. 

7.72 

USGS 

ALLUV.MUD  SPR.CR 

3650. 

7.69 

USGS 

UNKNOWN 

6377. 

7.74 

USGS 

.DIET?  COAL 

5272. 

7.77 

USGS 

AL.M4C  ALIST.OR 

5005. 

7.65 

USGS 

ALLOV. VANCE  CR. 

3845. 

6.00 

USGS 

AL.>«*C4LI5T  DR. 

4038, 

7.60 

USGS 

ALLUVIUM, SEAR  CR 

3070. 

8.26 

USGS 

AL.L.BRADSHArf  CR 

841. 

7.72 

USGS 

TULLOCK 

884. 

7.87 

USGS 

TULLOCC  7 

2364. 

6.78 

USGS 

ALLOV. BUTTE  CR. 

2180. 

7.79 

MBMG 

ALLUV. TANNER  CR. 

1560. 

8.98 

HBMG 

CANYON  COAL 

1370. 

8.82 

USGS 

AND. -DIETZ  COAL 

1340. 

8.03 

MSMG 

CANYON  COAL 

4468. 

7,44 

USGS 

OIETZ  2  COAL 

1870, 

8.69 

M8HG 

AND.-OIETZ  1  C, 

o 
I 


•NOTE' 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  45  NOTED. 
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a 


STATIC 

LAND 

KELL 

WATEP 

SURFACE 

DEPTH 

LE>*eL 

ALTITUDE 

DATE 

TEMPES- 

CALCIUM 

MAGNESIUM 

SODIUM 

POTASSIUM 

IROM 

NAN6«NESe 

SILIC* 

BICARBONATE 

CARBONATE 

LOCATION 

(METERS) 

(METERS) 

SMfTFPS) 

SAMPLED 

ATUREIC) 

(C«) 

(HG) 

<NA) 

(K) 

irE) 

(NN) 

ISI02> 

IMC03) 

(C03> 

•JS  AOE 

21CACD 

33.5 

1083. 

5-  4-76 

15.0 

34. 

11. 

1390. 

9.9 

.09 

.02 

11.0 

1996. 

0. 

•><;  4of: 

eiCaCD 

33.5 

1083. 

10-14-72 

15.0 

31. 

13. 

1355. 

9.4 

.02 

.03 

16.4 

1996. 

19. 

9S  40E 

21CnRD 

69.2 

35.7 

1089. 

4-  7-76 

13.0 

3. 

1. 

4*5. 

3.6 

.06 

.01 

7.9 

1183. 

0. 

9S  40F 

?icnRD 

69.2 

35.7 

1089. 

10-  2-75 

3. 

1. 

440. 

3.8 

.16 

.01 

8.1 

994. 

97. 

9S  4  0E 

JlCOflO 

69.2 

35.7 

1089. 

10-12-T3 

1*.0 

3. 

1. 

*4S. 

3.9 

.02 

< 

.01 

6.6 

1143, 

0. 

9S  *0E 

21  CORD 

69.2 

35.7 

1089. 

9-13-72 

13.5 

2. 

2. 

448. 

3.6 

«   .01 

« 

.01 

16.3 

1154. 

I«. 

9S  *0E 

aiCDRD 

69.2 

35.7 

1089. 

7-14-72 

13.0 

6. 

0. 

450, 

3.7 

.09 

< 

.01 

19.3 

1139, 

Z3. 

9S  4  0E 

2?DSftD 

51. S 

12.* 

1053. 

10-18-73 

10.0 

18. 

22. 

710. 

7.8 

<   .01 

.01 

9,4 

1578. 

SI. 

9^  4  0E 

a2DA0A 

51. H 

12.5 

1055. 

8-17-72 

6. 

8. 

615. 

5.4 

<   .01 

< 

.01 

16.3 

1416. 

127. 

9S  40E 

a9Cc«o 

46.6 

11.9 

1073. 

10-16-73 

11.0 

*. 

1. 

450. 

3.8 

.02 

.01 

7.4 

978. 

i04. 

9S  4nE 

29CC»0 

46.6 

11.9 

1073. 

7-27-72 

10.9 

3. 

2. 

*55. 

3,7 

<   .01 

< 

.01 

17.1 

965. 

102. 

9S  4  OF 

30ABDO  1 

1079. 

9-10-77 

13.0 

10. 

5. 

685. 

5.2 

.01 

.01 

10.0 

1806. 

0. 

9S  4IF 

8CAC0 

1076. 

6-18-75 

12.5 

11. 

6. 

798. 

7.Z 

<   .01 

.01 

8.3 

2124. 

0. 

9S  41E 

9ACPC 

8.8 

1.5 

1071. 

10-14-73 

10.5 

86. 

185. 

350. 

11.5 

.01 

.01 

27.0 

626. 

0. 

9S  4)E 

1?BDC0 

1123. 

2-27-74 

1.5 

227. 

129. 

231. 

8.4 

1.02 

< 

.01 

11.5 

493. 

0. 

9S  4\F 

?6AAnA 

12.2 

2.7 

112*. 

6-2*-75 

11. 0 

H». 

183. 

R2fl. 

11.2 

«   .01 

.15 

4.4 

317. 

0. 

9S  *1F 

ssnsnD 

54.9 

32.6 

1158. 

11-  9-76 

11.0 

178. 

110. 

552. 

7.5 

.10 

.01 

9.0 

692. 

0. 

9S  4?E 

250CAD 

1128. 

6-  3-75 

9.0 

28*. 

275. 

1036. 

6.5 

.02 

.02 

10.5 

650. 

0. 

9S  i?E 

35nccc 

30.5 

9.1 

1155. 

11-  9-76 

9.0 

322. 

314. 

8*0. 

7.4 

.75 

.10 

8.6 

446. 

0. 

9S  4  3E 

TBCAO 

1106. 

10-30-73 

9.0 

122. 

169. 

230. 

4.0 

.02 

.03 

10.7 

323. 

0. 

9S  4  3E 

lOBBAO 

22.9 

3.7 

1073. 

2-26-74 

9.5 

268. 

256. 

813. 

27.6 

<   .01 

« 

.01 

6.2 

493. 

0. 

9S  4  3E 

15DARC 

1091. 

10-28-73 

10.0 

6. 

4. 

640. 

4.6 

«   .01 

< 

.01 

7.7 

1482. 

79. 

95  4  3F 

?7CnCA 

73.2 

11*6. 

10-28-73 

11.0 

6. 

*. 

500. 

3.7 

.01 

.01 

7.6 

1252. 

0. 

95  44E 

lADAA 

100.6 

1219. 

2-28-74 

12.1 

n. 

5. 

652. 

4,6 

«   .01 

< 

.01 

8.4 

1662. 

73. 

95  44F 

TAOAA 

21.3 

1103. 

10-30-73 

10,0 

192. 

315. 

650. 

7.9 

.02 

.02 

13.3 

383. 

0. 

9S  44E 

7ADAA 

21.3 

1103. 

2-P8-74 

7.5 

277. 

322. 

615. 

6.8 

<   .01 

.01 

11.5 

596, 

0. 

9S  44F 

lOCRAO 

1134. 

6-  4-75 

9.0 

272. 

*57. 

911. 

7,8 

.03 

< 

.01 

10.4 

716. 

0. 

95  44F 

1 IDDAA 

53.3 

7.9 

1252. 

6-  3-75 

10.5 

72. 

72. 

35. 

3.9 

.02 

< 

.01 

6.3 

332. 

0. 

95  44e 

ZODCAA 

1119. 

6-  *-75 

8.0 

380. 

*51. 

1120. 

12.2 

.09 

1.51 

11.9 

854. 

0. 

95  44E 

27AflCB 

1133. 

6-  4-75 

8.0 

382. 

332. 

930. 

7.9 

.05 

.28 

10.6 

756. 

0. 

95  44F 

28Cr)CA 

61.0 

7.0 

113*. 

10-27-73 

11.0 

10. 

5. 

658, 

4.5 

<   .01 

.02 

1727. 

0. 

95  45E 

3A0CC 

25.0 

6.0 

1165. 

1-30-7* 

10.0 

190. 

142. 

1120, 

19.5 

.87 

.37 

13.8 

780. 

0. 

95  45F 

7CCA 

79.2 

1189. 

2-  2-7* 

12.2 

10. 

4. 

531, 

3.9 

.05 

< 

.01 

8.4 

1415. 

0. 

95  45F 

iiBcn 

5.B 

.6 

1172. 

6-  3-75 

8.0 

15*. 

136. 

550. 

8.9 

,02 

.02 

11.1 

931. 

0. 

95  45E 

1?CBCC 

38.9 

1198. 

1-30-7* 

10.5 

7. 

5. 

447, 

3.2 

.04 

< 

.01 

8.0 

1225. 

0. 

95  45E 

16AAAD 

9.1 

1.9 

1190. 

1-31-7* 

7.8 

257. 

170. 

263. 

6.8 

.02 

.04 

14.5 

5*7. 

0. 

95  46E 

3AABB 

15.2 

*.6 

1173. 

1-31-7* 

*.5 

208. 

244. 

885. 

7.5 

.03 

< 

.01 

14,6 

555. 

0. 

95  »6F 

4ACBC 

48.  8 

1165. 

1-31-7* 

10.5 

8. 

5. 

580. 

3.9 

<   .01 

< 

.01 

7.7 

1463. 

36. 

95  46E 

SRCflC  1 

16.2 

8.0 

1164. 

1-30-7* 

6.0 

3*9. 

288, 

460. 

6.1 

.04 

2.55 

14.1 

630. 

0. 

95  46E 

.  5RCPC  2 

100.6 

45.7 

1161. 

1-30-7* 

9.0 

8. 

2. 

508. 

3.6 

.02 

« 

.01 

1357. 

0. 

95  *ftF 

5BCB0 

92.0 

3*.l 

1161. 

3-17-76 

12.0 

*. 

5. 

508. 

4.0 

.32 

< 

.01 

8.3 

1372. 

0. 

95  46E 

5nDAC 

11.6 

2.2 

1161. 

1-29-7* 

6.5 

*59. 

315, 

400. 

5.6 

.02 

.02 

14.7 

392. 

0. 

9S  46E 

5DAR0 

50.3 

17.1 

1161. 

1-29-7* 

9.0 

30. 

10, 

BOO. 

6.2 

.02 

< 

.01 

9.0 

1879. 

0. 

95  4f,F 

6ADA0 

23.2 

7.2 

1164. 

1-30-7* 

6.0 

276. 

355. 

394. 

6.7 

l.ia 

.07 

18.0 

97. 

0. 

95  46F 

6ADDA 

91.4 

35.3 

116*. 

2-  1-7* 

6.5 

10. 

1. 

509. 

3.6 

.01 

< 

.01 

8.4 

1297. 

2*. 

95  46E 

IIBDCC 

48.8 

?0.4 

1205. 

2-  3-7* 

11.0 

75. 

57. 

490. 

8.3 

.01 

.12 

9.4 

795. 

0. 

95  46E 

12DABA 

5.5 

2.3 

1253. 

2-  2-7* 

*.5 

*6*. 

576. 

181. 

22.5 

.06 

.06 

15.4 

659. 

0. 

95  46E 

15CB0D 

67.1 

18.3 

1200. 

2-    5-74 

8.0 

122. 

120. 

785. 

10.4 

.02 

.03 

14.7 

1401. 

0. 

95  47E 

31CCDC 

21.3 

10.4 

U70. 

6-  2-75 

10.0 

167. 

157. 

894. 

14.5 

.01 

.21 

8.6 

1157. 

0. 

95  49E 

24CCRC 

42.7 

25.3 

HOP. 

7-27-76 

13.0 

7. 

2. 

260. 

2.5 

.03 

< 

.01 

6.4 

568. 

0. 

95  5  IE 

21DBPB 

53.3 

20.1 

1085. 

7-20-76 

10.5 

1**. 

36. 

664. 

8.5 

1.41 

.22 

6.6 

303. 

0. 

105  4?E 

1  AADA 

30.5 

16.9 

1195. 

11-16-73 

10.0 

1*1. 

11*. 

150. 

5.4 

<   .01 

.08 

10.6 

336. 

0. 

105  *3F 

2AARA 

92.0 

1117. 

10-29-73 

12.0 

8. 

3. 

509. 

4.2 

.01 

.01 

8.1 

13S9. 

0. 

I 

t— » 

I—' 
I 


•NOTE* 

INDICATED  CONCENTRATIONS  ARE  IN  MILLIGRAMS  PER  LITER  (MG/L)  EXCEPT  AS  NOTED. 


Analyses  continued  on  following  pa.ge 


LOCATION 


9S  40E 

9S  40E 

9S  <.0E 

95  *0E 

9S  4oe 

qs  »0E 
9S  40E 
9S  *0E 
9S  40E 
9S  40E 
95  40E 
95  40F 
95  «|F 
95  4  IE 
95  4  IE 
95  4  IF 
95  4IF 
95  4?E 
95  4?E 
95  4  3E 
95  41E 
95  4  3E 
95  4  3F 
95  44E 
95  44E 
95  44E 
95  44E 
95  44E 
95  44E 
9S  44E 
95  44E 
95  45E 
95  45E 
9S  45E 
95  *5E 
95  45E 
95  46E 
95  46E 
95  46F 
95  46E 
95  4ftE 
95  46E 
95  46E 
95  46F 
95  46F 
95  46E 
95  45E 
95  46E 
95  47E 
95  49E 
95  51E 
lOS  42E 
lOS  43E 

•NOTE« 


21CaC0 
21C4CD 
2ICD8D 
21CDH0 
21C0HD 
21C0BD 
aiCDOD 
3aDSftO 

P9CC4D 

29CCiiO 

30a>?DD 

8CAC0 

94CPC 

i?pncD 

264Ar)A 

350400 

2S0CaO 

3S0CCC 

TBCiD 

10BR40 

1504RC 

27COC4 

14D44 

74D4A 

74DA4 

10CR40 

110DA4 

200CAA 

?7A8CR 

?8CDC4 

3A0CC 

7CCfl 

liBcn 

12CBCC 
1644AD 
3AASR 
44CRC 
5RCRC 
5BCPC 
SeCBO 
500AC 
504R0 
6A0A0 
6A0DA 

ueocc 

120ABA 
15CB00 
31CCDC 
24CCBC 
?10RPB 
lAADA 
2AABA 


DATE 
SAMfuFO 

■)-  4-T6 

10-14-7? 

4-  7-76 

10-  ?-75 
10-12-73 

9-11-72 
7-14-72 

lO-lfl-73 
8-1 r-72 

10-16-73 
7-27-72 
9-10-77 
6-18-75 

10-14-73 
2-27-74 
6-24-75 

11-  9-76 
6-  3-75 

II-  9-75 

10-30-73 

2-2f.-74 

10-28-73 

10-28-73 

2-28-74 

10-30-73 

2-2B-74 

6-  4-75 

6-  3-75 

6-  4-75 

6-  4-75 

10-27-73 

1-30-74 

2-  2-74 

6-  3-75 

l-?n-74 

1-31-74 

1-31-74 

1-31-74 

1-30-74 

1-30-74 

3-17-76 

1-20-74 

1-29-74 

1-30-74 

2-  1-74 

2-  3-74 

2-  2-74 

2-  5-74 

6-  2-75 

7-27-76 

7-20-76 

U-16-73 

10-29-73 


SULFATE 
(504) 

1496  = 
1320. 

0. 

2. 

5. 
11. 

275. 

B. 

9, 
?2. 
32. 

4. 

1152. 
llflO. 
2340. 

1454. 
3404. 
3373. 
1194. 
2975. 

59. 

45. 

1 . 

2716. 
2304. 
37aB, 
273. 
4394, 

3596. 

0. 

2776. 

1. 

1351. 

3. 

1*33. 

2916. 

11. 

2472. 

3, 

II. 

2915. 

295. 

2784. 

0. 

B51. 

342B. 

1283. 

2054. 

113. 

1536. 

848. 

0. 


CHLOHIOE 
ICL) 

18.9 
15.4 
17,4 
4.5 
15.3 
16.3 
15.2 
35,3 
13.2 
12. a 

14.4 

25,0 

19.6 

11.0 

11.8 

10. I 
20.0 

19.5 

12.0 
5.5 
56.0 
19.0 
22.4 
16.0 
14.2 
13.9 
18.0 
4,0 
29.0 
13.5 


13.1 
15.0 
15.2 

9.4 
15.9 

fl.3 
16.2 
15.0 
15.5 
14.8 
14.5 

12.5 

3.8 

15.7 

17.1 

12.2 

27.3 

22.2 

11.9 

5.0 

5.0 

7.6 

17.0 


rtaoRioe 

IF) 
.3 

.4 
2.8 
2.9 
1.3 
2.7 
2.5 

.9 
1.9 
1.0 
2.2 
!  *  ? 
2.7 

.3 

.4 

.2 

,7 

.4 

.4 

.1 

.3 

.9 

1.1 

2.1 

<   .1 

.2 

.3 

.6 

.4 

.3 
t   .1 

.5 
2.0 

.3 
2.0 

.4 

.5 
1.4 

.3 
2.2 
2.5 

.3 
1.5 

.2 
2.9 


.4 
.5 
.8 
.2 
.2 
J.O 


NITBATE 
(N03  AS  H) 

4.33 
7.23 

.0» 

.05 

<  .02 
.05 

<  .02 
1.99 
2.25 

«   .02 

<  .02 
.03 
.38 

1.59 

.20 
1.49 
1.31 
1.20 

•  84 
3.05 

.18 
1.94 

<  .02 
.09 

1.42 

1.92 

19.77 

.75 
1.69 
1.47 

.32 
6.21 

<  .02 
2.48 

.72 
.16 
.58 
.15 
.14 

<  .02 
.06 

1.74 
1.90 

.09 

.09 

1.13 

45.53 

4.51 

7.00 

<  .02 
.05 
.66 

1.97 


DISSOLVED 
SOLIDS 

C4LC.  AS 
RESIDUfi 

3956. 
3772. 
1062. 
1051. 
1045. 
10B3. 
1089. 
1907, 
1500. 
1073. 
U06. 
1  iS&2. 
1901. 
2132. 
2043. 
36ID. 
2673. 
5357. 
5098. 
1897, 
4548. 
1551. 
1209. 
1590. 
4098. 
4346. 
5836, 
633. 
6822, 
5646. 
1539. 
4668, 
1271. 
2701. 
1093. 
2422. 
4555. 
1387. 
3917, 
1208. 
1232. 
4319. 
20^2. 
3fl98. 
1214. 
1905, 
5185. 
3051. 
389*. 
676. 
2651. 
1443. 
1221. 


500IUH 
«OS0Rt>TIOM 
SSTIO 
iS.6.R.I 

53.3 
51.3 
59.4 
58.3 
56.6 
56.3 
48.0 
26.7 
38.2 
52.6 
51,9 
45.2 
«9.6 

♦  .9 

3.0 
11.5 

8.0 
10.5 

a.o 

3.2 

8.5 
*9.0 
39.6 
»0.8 

6,7 

6,0 

7.8 
.7 

9.2 

S,4 
«3.2 
15.0 
36.5 

7.T 
32.4 

3.1 

9.9 
39.8 

4.4 
41.7 
40.3 

3.5 
32.1 

3.7 
41.7 

9.9 

1.3 
12.1 
il.7 
22.2 
12.8 
2.3 
39.3 


SPECIFIC 
CONDUCTANCE 
(HICROHHOS 

»T  25  C> 

5559. 
5060. 
1702. 
1740. 
1590. 
1690. 
1660. 
2340. 
2340, 
1750. 
1740o 
253T. 
2955. 
2520. 
2546, 
4575, 
3412, 
6537. 
5732. 
2310. 
5450. 
22S0. 
1900. 
2531. 
4340, 
4960, 
7524, 
980. 
6658. 
7273. 
2450. 
5530. 
1990. 
3545. 
1750. 
2920. 
5560. 
2191, 
4338. 
1933. 
1547, 
4772. 
3226, 
4302, 
1916. 
2640. 
5733. 
4135. 
4940. 
1104. 
3460. 
1S30. 
1910. 


PH 
LABORSo 
TORY) 

«.12 

8.40 

8.06 

9.13 

8.11 

6.45 

8,52 

8.43 

9.10 

9.02 

9,50 

7.T9 

7,89 

7.68 

7.85 

6.84 

7.62 

T.43 

7.52 

7.80 

7.15 

8.81 

8.24 

8.56 

7.69 

7.53 

7.86 

7.68 

7.73 

7.67 

8.08 

7.33 

6.14 

7.20 

8.17 

7.61 

8.04 

8,67 

7.67 

8.29 

8.25 

7.77 

8.10 

6.10 

8.35 

7.69 

7.96 

7.47 

7.29 
8.16 
7.82 
8.01 
8.16 


COtLECriNG 
AGENCY 

MPMG 

MBMG 

NHMG 

HPMG 

US6S 

MRMG 

MP«G 

USGS 

MBMG 

USGS 

M8«G 

MRMG 

USGS 

USGS 

USGS 

OSGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

ysGs 

USGS 
USGS 

uses 

USGS 

USGS   , 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 

USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 
USGS 


C0NTRI3UTING 

ASUIF£« 


oa, 

OB, 

c, 
1  c. 
1  c. 
1  c. 

c. 


ANO.-OIETZ  i 

ANn.-OIETZ  1 

A,VO.-DI£TZ  1 
4N0.-0IETZ 

A'-io.-DieTz 

ANO.-OIETZ 

AMO.-DIETZ 

AND.-OIETZ    1    C. 

ANO.-OICTZ     1     C. 

AND.-OIETZ     1     C. 

4N0.-DIETZ    1    C. 

4N0.0IETZ1«.2C0*L 

UNKNOWN 

ALLUV..DEER    CR. 

SHITM    COAL    ? 

ALLUV.Sr    DEEB   CR 

UNKNOWN 

ALL.NF  W400LE  CR 

UNKNO«rj 

4N0E»SCN  OB. 

DIETZ  COAL 

ANOEUSCN  COAL 

SUR-POLANO 

ANOERSO-V^  COAL 

4NDEHSCN  08. 

ANOE»SON  OB. 

ALL.EF  TRAIL  CH. 
UNKNOWN 

4LLUV.  TRAIL  CR 
ALLUV.  TRAIL  CR 
ANOERSON  COAL 
ANDERSON  COAL 
ANO. -DIETZ  COALS 
ALLUV.  BEAR  CR 
ANDERSON  COAL 
ALLUV. VANCE  CH. 
AL, PASTURE  Crt, 
CANYON  COAL 
4L.B0XEL0ES  CH. 
WALL  COAL 
SUe-C&NYON 
0IET7  COAL 
CA!^YO.N  COAL 
OIETZ  COAL 
SUB-CANYON 
DIETZ  COAL 
SMITH  OVERBURDEN 
sua. OIETZ 
UNKNOWN' 
UNKNOi^N 
UNKNOWN 
POLAND  08. 
ANDERSON  COAL 


INDICATED  CONCENTRATTONS  APE  IN  MILLIGRAMS  PER  LITER  ,MG/L)  EXCEPT  AS  NOTED. 


Analyses  continued  from  preceding  page 
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